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We sought to isolate and characterize prophage from an inducible lysogenic Lactobacilli host 
from a rat gastrointestinal tract. First we isolated a Lactobacillus murinus strain from a rat fecal 
sample. After initial antibiotic induction, high-throughput DNA sequencing and assembly 
identified the potential lysogenic bacterium as L. murinus EF-1. A 2.30 Mbp draft genome was 
generated with a 39.6% G+C content and 2196 identified coding regions. These metrics are 
similar to other Lactobacillus species. Bioinformatic analyses identified 3 intact prophages 
within the L. murinus EF-1 genome of 26.1, 25.4, and 49.6Kbp size. To confirm phage existence, 
the antibiotic induced lysate was subject to transmission electron microscopy. An identified 
Siphoviridae morphology was confirmed with an 80nm icosahedral head and 200nm non-
contractile tail. High throughput induced viral DNA sequencing and mapping to EF-1 revealed 
99.9% of 162.55k DNA reads mapped to presumed phage region 7.1. Further genetic analyses 
revealed a 39.1Kbp, 39.43% G + C content, circular inducible prophage whose genome encoded 
58 putative coding regions, named phiEF-1.1. PhiEF-1.1 attachment sites were found inserted 
into a host arginine t-RNA. Additional putative protein characterization of phiEF-1.1 revealed 
coding regions to be divergent from 104 viral genomic coding regions through BLASTp amino 
acid sequence percent similarity. The low amino acid sequence identity of two murinus L. 
murinus GIT isolates strain’s to phiEF-1.1 suggests putative prophage coding regions are 
divergent. A low level of identity between phiEF-1.1 and other identified phage CDS found 
within strain EF-1 may be due to horizontal gene transfer or the presence of other prophages 
within EF-1. Together, this evidence provides the identification of a lysogenic L. murinus EF-1 
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1.1 Motivation  
The mammalian gastrointestinal tract (GIT) microbiota is a dense, diverse and complex 
environment (Mills et al., 2013). Populations and roles of yeasts, molds, parasites, bacteria and 
viruses are dependent on the physical location along the GIT and nutrient resources available 
(Cho and Blaser, 2012). These dependencies are due to changing host dynamics and interactions 
between microbes (Ley et al., 2008). Competition for resources and persistence are recognized 
reasons for GIT niche development (Muegge et al., 2011). 
Lactic acid bacteria (LAB) are a group of microbes that are found in several GIT niches 
(Selle and Klaenhammer, 2013). LAB are thought to colonize the mammalian GIT early in life 
and persist through the mammalian host’s lifespan (Ottman et al., 2012). Throughout the host's 
lifespan LAB help regulate environmental pH, produce essential vitamins, metabolize lactose 
and assist in host immunity (Kassaa et al., 2014). Sustaining persistence in the GIT niches 
requires a sophisticated toolkit to aid in perseverance which can include viral interactions (Mills 
et al., 2013). 
Within mammalian GITs are also bacteriophages (bacterial viruses). Bacteriophages, or 
phages, are known to shape and influence niche development in varied environments including 
aquatic, soil, and animal (Barr et al., 2013; Virgin, 2014; Williamson et al., 2007). Phage 
influence environments through lytic and lysogenic interactions with their bacterial hosts. Lytic 
interactions result in an invading phage replicating within a bacterial cell and lysing the cell with 
many newly copied phages released. Lysogenic phages, also known as temperate phage, invade 
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the bacterial cell as well but insert their genome within the bacterial host chromosome. The 
temperate phage genome can then persist over many bacterial generations, called a prophage. 
Prophages can influence host genetic diversity and persistence in defined niches until host and 
environmental cues cause phage viron assembly, genome packaging and eventual bacterial cell 
wall lysis (Knowles et al., 2016; Mills et al., 2013). 
LAB are known lysogens which are identified in several environmental and industrial 
niches including the GIT (Pfeiler and Klaenhammer, 2007). LAB isolates can harbor multiple 
prophages which has been proposed to play roles in host genetic diversity through genome 
rearrangement and disruption (Baugher et al., 2014; Yan et al., 2011). Phage derived genetic 
diversity can be negatively viewed in industrial fermentation. Lysis of bacterial cells can be 
costly for dairy and vegetable fermented products when a prophage becomes lytic (Blatny et al., 
2004; Zago et al., 2013). In GITs, lysogenic LAB are viewed as valuable in supporting niche 
development and provide additional gene function through morons such as adhesion to epithelial 
cells (Cumby et al., 2012). 
LAB are also commonly used as probiotics. Ingesting significant quantities of verified 
known microbial strains is viewed as beneficial by the FDA and WHO (Degnan, 2008; 
FAO/WHO, 2002). Lactobacillus, a LAB genus, has been a focus for probiotic strains. The 
number of patents filed for probiotics and consumer spending for probiotic products has 
increased exponentially over the last decade (Dixit, Y. et al., 2016). While conventional 
experimental procedures are conducted to validate a candidate strains potential impact in the 
GIT, it is not common to confirm lysogeny (Kassaa et al., 2014; Selle and Klaenhammer, 2013). 
The FDA has also not commented on the impact lysogenic probiotics may have on the GIT.  
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Studying and characterizing Lactobacillus species and related prophages within adult 
murine GITs enable researchers to address the role lysogeny has in niche development and 
exploitation in both native and industrial environments. In particular, the impact lysogeny, and 
relevant prophage interaction, has in GIT niche development carries high relevance and 
importance to future probiotic verification and consumption for both humans and animals. 
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1.2 Objectives 
The research objectives were to: 1) isolate inducible lysogenic Lactobacillus from murine fecal 
or cecal samples; 2) confirm prophage induction and identify an induced prophage genome; 3) 
characterize the phage genome and identify regions that may indicate novel function for the 
bacterial host; 4) compare genomes of known Lactobacillus phages with our novel prophage to 
understand structural organization and genomics. To accomplish these objectives, selective 
media and morphology verification were first performed to isolate Lactobacillus isolates from 
fecal and cecal samples. Next, antibiotic induction of the murine isolate was conducted to test 
prophage induction. A single fecal bacterial isolate, Lactobacillus murinus EF-1, was then 
selected based on the antibiotic induction growth curve analysis. To provide evidence of 
prophage, the bacterial genomic DNA was extracted, sequenced using the next-generation Mi-
Seq Illumina platform, and assembled with a de novo assembler. Bioinformatic software then 
assisted in the preliminary genetic prophage documentation within the bacterial draft genome. 
After putative prophage sequences were found, the induced phage lysate was concentrated. 
Transmission EM images confirmed an induced phage and provided morphology. Genomic 
DNA from the phage lysate was extracted and submitted for DNA sequencing to determine 
which prophage(s) were induced and to obtain their consensus genomes. After verifying the 
induced viral DNA reads were from the bacterial reference strain, characterization of the induced 
viral genome, phiEF-1.1 was conducted. Identification of non-phage like genes hinted at possible 
host benefit. Coding region comparisons of our identified prophage to known prophages was 





2.1 Gastrointestinal bacterial community role and influence on mammalian hosts 
The mammalian gastrointestinal tract (GIT) microbial community is diverse, dense and complex. 
The GIT comprises of bacteria, archaea, yeasts, fungi, protozoa and viruses that colonize and 
interact with each other and the mammalian host. This interaction is complex as it can alter 
symbiotic and pathogenic opportunities for members of the microbiome as environmental 
conditions within the GIT change over time. The GIT microbiota attains energy made available 
directly from the host’s diet, microbial produced derivatives (including metabolites) and dead 
microbial cells. Microbes have been identified throughout the mammalian digestive system 
starting from the mouth through the distal end of the rectum (Leser and Mølbak, 2009; Mackie, 
2002; Mills et al., 2013; Selle and Klaenhammer, 2013; Virgin, 2014).  
The impact of the bacterial community composition in the GIT is influenced by the 
physical location along the intestinal tract and the depth an embedded bacterium is in the 
mucosal layer at a given point. Interactions within the mucosal layer with viruses, microbes and 
the mammalian host's immune system also influence population complexity and densities (Barr 
et al., 2013; Mills et al., 2013; Virgin, 2014). Within mucosal layers, an established microbiota 
acts as a mammalian host defense against pathogens operating as a competitive excluder of both 
physical space and nutrient resources. Studies have illustrated individual bacterial roles in 
macromolecule metabolism of complex carbohydrates, fats, and vitamin precursors. In these 
cases, the function of the particular members of the bacterial GIT community is to have a lasting 
impact on the host's health (Hoeflinger et al., 2015; LeBlanc et al., 2013). Bacteria have also 
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been shown to produce bacteria fighting peptides, called bacteriocins. Individual bacteriocins 
produced from one bacteria interact with other bacteria to induce cell death, helping prolong the 
bacterial bacteriocins producer’s survival in the GIT (Kassaa et al., 2014). 
The microbial composition changes are based on intestinal position and nutrient 
availability. Microbial composition is in part influenced by the mammalian host's immune 
system history and response, physiology, genotype, and stress level (Bailey et al., 2011; Cho and 
Blaser, 2012; Drissi et al., 2014; Viaud et al., 2015). Additional external factors including the 
mammalian host’s external environment and antibiotics consumed during the host’s lifespan also 
help shape and define the microbial communities that reside in mammalian GIT (Turnbaugh et 
al., 2007; Yatsunenko et al., 2012). Diet, as both what is eaten and its frequency, is seen as a 
significant influence of a change in the GIT microbiome (Muegge et al., 2011; Turnbaugh et al., 
2007; Yatsunenko et al., 2012). The complexity and conditions of mammalian GIT microbiotas’ 
impact the study of individual microbial families, genera, species, and strains present at any 
given moment. Shifts do occur, but there is growing evidence of a core microbial gene pool that 
is common across mammalian GITs. A core microbial genome suggests gene function may play 
a more important role than percentage of individual microbial clades (Ley et al., 2008; Manrique 
et al., 2016) 
 
2.2 Probiotic definition, function and Lactic Acid Bacteria impact on mammalian health 
Probiotics are defined as living microbes that provide a benefit to their living host after ingested 
in an adequate dose (FAO/WHO, 2002). The US Food and Drug Administration (FDA) regulate 
probiotics under the food supplement provision of the US Food, Drug, and Cosmetic Act. 
Probiotics are found in foods, drugs, and medical food.  Being label as a food supplement 
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provides less strenuous proof of associated useful function as a particular food claim (Degnan, 
2008; Sanders et al., 2013). Criteria used by the scientific community and the FDA to evaluate a 
probiotic bacteria strain is not standardized. These criteria can include but are not limited to: 
isolation from a related mammal source for suggested use, viability after manufacturing and 
intestinal processing (i.e. bile and acidity) environments, adherence and persistence adhering to 
epithelial tissue or mucosal layers in the GIT, non-pathogenic and free of virulent plasmids or 
pathogenicity islands for the mammalian host (Hyacinta et al., 2014; Kassaa et al., 2014; Pfeiler 
and Klaenhammer, 2007; Selle and Klaenhammer, 2013). 
 The increased use of probiotics has caused the food industry to take notice. While no 
official benchmarks are required to add probiotics to food products, LAB isolated strains filed as 
probiotics in US patents has grown from less than 100 in 1990 to over 1000 in 2011. The field of 
patents applications within probiotics has also grown to include multiple strains of the same 
species. Sales of probiotics have grown in the last five years to encompass over 3.5 billion 
dollars (USD) in the global market (Dixit, Y. et al., 2016). Four million US adults have 
consumed pre or probiotics in the past 30 days (NCCIH, 2011). Probiotic labeling use has 
expanded beyond dietary supplements to human food and beverages and animal feed packaging 
to exploit the associated benefits of consumption (Kubitz, 2017). 
One reason for the increased use of probiotics derives from consumers believing that 
probiotics are healthy alternatives to traditional antibiotic treatments, both for people and the 
animals they consume (Dixit, Y. et al., 2016). For example, cases of irritable bowel syndrome 
(IBS) in humans have shown to be caused by inflammation due to dysbiosis of Clostridium 
difficile bacteria in the GIT. An approved clinical remedy is the use of probiotics to compete 
against C. difficile and return the GIT to a normal healthy state of symbiosis (Rea et al., 2013). 
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As the effects and impact of the GIT microbiome on animal hosts unravel, the targeted use of 
probiotics to aid overall animal health and nutrition is not far behind.  
Lactic acid bacteria (LAB) are identified as a beneficial contributor to mammalian GIT. 
They are representatives of the Firmicutes phyla and include Lactobacillus, Lactococcus, 
Streptococcus, Leuconostoc, Pedicoccus, Weissella, and Aerococcus genera and their respective 
species and strains (Nelson et al., 2010; Walter et al., 2001). LAB probiotics are directly shown 
to reduce GIT pH, produce foliate and riboflavin, and metabolizes into host absorbable 
monosaccharaides (Kassaa et al., 2014; LeBlanc et al., 2013). In particular, Lactobacillus strains 
isolated from mammalian GITs are shown to aid both directly and indirectly host immune 
functionality. They directly include viral and pathogen epithelial layer repulsion and allergy 
symptom repression, while indirectly competing with pathogens resources (Chung-Hsiung 
Huang et al., 2016; Corr et al., 2009; Kassaa et al., 2014; McFarland, 2009; Selle and 
Klaenhammer, 2013). It has also been suggested that Firmicutes, like other microbes, may be 
passed from mother to offspring (Goodrich et al., 2016; Reyes et al., 2010). Heritable microbes, 
such as LAB, would suggest impacting their mammalian host. 
Tests have been performed on a broad range of Lactobacillus isolates to determine each 
strain’s ability to be administered as a probiotic. In one study, 47 Lactobacilli strains were 
investigated for their probiotic potential isolated from human and rat fecal samples, dairy 
cultures and plants. The authors tested adhesion properties, bile and pH persistence, 
antimicrobial activity against pathogenic bacteria and GIT persistence through human subjects. 
Of the 47, three strains Lactobacillus reuteri DSM 12246 and Lactobacillus rhamnosus strains 
19070-2 and LGG performed best through all tests (Jacobsen et al., 1999). These testing methods 
and results are not dissimilar from other probiotic verification procedures (Anwar et al., 2008; 
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Elli et al., 2006; Gardiner et al., 2004; Kadooka et al., 2010; Takahashi et al., 2006; Verdenelli et 
al., 2009; Wall et al., 2007). There is not a consistently approved method. Validating a rigorous, 
consistent screening for LAB and other probiotics can help to ensure the efficacy and safety of 
probiotics that are administered to animals and humans. 
The safety and reliability of probiotics are difficult to trace. The causal links between 
microbes, each other, and their host are only beginning to be discovered, established and tested. 
The links between infectious agents and dysbiosis like IBS to complex diseases like Crohn’s 
only suggest microbial involvement. Crohn’s disease, as an example, is shown to be a 
kaleidoscope of different factors that cause the disease. The claims the probiotics are a one-stop 
shop do not account for the myriad of interactions the microbiome has with itself and its host. 
Wrong host and microbial targets, incorrect probiotic agents, probiotic potencies, dose 
dependence and frequency or a misdiagnosed disease mechanism, are all plausible mechanistic 
reasons why taking a given probiotic may not provide an expected result (Sanders et al., 2013). 
The patient’s age has been shown to impact their microbiota significantly (Ley et al., 2008). 
Groups that are at risk of pathogenic infection (the young, elderly and immune-compromised) 
are also at greatest risk for probiotic mistreatment (Didari et al., 2014). Understanding molecular 
mechanisms for probiotic’s positive attributes will benefit their administration and usefulness. 
 
2.3 Lactobacillus murinus phenotype, and human vs. murine probiotic comparison 
L. murinus was first described in 1963 from a French study on lactobacilli isolates from rat 
intestines (Raibaud et al., 1973). L. murinus has been isolated from rats, mice, pigs, dogs, 
primates, humans, and marine sediments (Almirón et al., 2013; Carmody et al., 2015; Elayaraja 
et al., 2014; Gardiner et al., 2004; Rossi et al., 2016; Strompfová and Lauková, 2014; Swanson et 
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al., 2011). Strain AU06, isolated from marine sediment, is reported to produce bacteriocins that 
combat other bacteria. This marine isolate heteroferments pentose and hexose sugars, has 
catalase activity, and does not sporulate or metabolize mannitol (Elayaraja et al., 2014). Studies 
have suggested that L. murinus and L. reuteri comprises upwards of 72% of species cultured 
from Sentinel Swiss Webster mice intestinal tracts (Pena et al., 2004). Comparing maximum 
likelihood generated phylogenies of 213 Lactobacillus strains using core gene alignment 
revealed the closest relation to Lactobacillus animalis DSM 20602, apodemi DSM 16634 and 
ruminus DSM 20403. L. reuteri DSM 20016 was farthest removed in association to L. murinus 
DSM 20452 (Sun et al., 2015). This phylogenetic association would suggest that they are not 
as genetically similar as Pena et al. would suggest. 
L. murinus has been shown to colonizes the stomach and esophageal epithelia in murinus 
animals (Almirón et al., 2013). Their abundance, referencing 16S rRNA genes from 30 ATCC 
strains for comparison against, accounted for 20% of total Lactobacillus spp. population in the 
mice (Pena et al., 2004). Shifts in diets from low-fat, low sugar diets to high-fat high sugar diets 
show an increase of bacillales in mice (Carmody et al., 2015). In rats, using a culture-
independent technique, L. murinus, Lactobacillus gasseri and mouse derived isolate 
Lactobacillus murinus ASF360 were prevailing lactobacilli strains (Brooks et al., 2003). L. 
murinus was also isolated from 30 Wistar lab rats and shown to persist even after the addition of 
fructooligosaccharides fermenting probiotic Bifidobacterium lactis and Streptococcus 
thermophilus (Montesi et al., 2005). Further investigations have shown that native L. murinus 
can move around the GIT with high motility (Ma et al., 1990). Commercially, this information 
has been used to test L. murinus as a possible probiotic in pigs and dogs (Gardiner et al., 2004; 
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Perelmuter et al., 2008) and reduce immunoglobulin response in food allergies in mice (Chung-
Hsiung Huang et al., 2016). 
Murine models have some success of comparison to human GIT microbiota (Wos-Oxley 
et al., 2012). Correlating mice and human microbiota has some challenges (Nguyen et al., 2015). 
First are the anatomical differences between murine animals and humans. Both contain 
overarching digestive tract similarity but humans do not contain a cecum pouch large enough for 
fermentation. The intestinal villi of murinus animals are also longer than humans allowing for 
physically deep niche development. Host specific intestinal communication between microbes 
and hosts cells cannot be replicated exactly between models. Finally, genetic differences between 
humans and mice can impact microbial interactions (Nguyen et al., 2015). 
While there are differences, it is shown that human GIT microbiota can be successfully 
transplanted into gnotobiotic rats and mice. Gnotobiotic animals do not have a native microbiota. 
Using gnotobiotic rats and mice to study human GIT interactions is easier, less costly and shown 
as an effective model for bacterial host dynamics (Reyes et al., 2013). The ratio of Firmicutes to 
Bacteriodetes remained closest to humans in rats (Wos-Oxley et al., 2012) suggesting rats are 
better models for the human gut microbes. Finally once inoculated, rat models have shown 
microbial persistence to keep communities intact for over one year (Alpert et al., 2009). While 
drawing connections between murine animals and humans allow for studies affecting us, rat 
GITs also have a unique microbial ecology and interactions with its murine host. This unique 





2.4 Bacterial viral/host lysogenic interactions 
Bacteriophages, or phages, are majorly described as double stranded DNA viruses that infect 
bacteria. Phage life cycles begin through infection of the bacterial cell. Once inside a bacterial 
cell, the phage life cycle can take two pathways: lytic and lysogenic/temperate. The phage lytic 
pathway involves replicating inside the infected bacterial cells and eventually killing the cell 
through lysis of the cell membrane (Gandon, 2016). In addition to the lytic phage cycle, a stable 
temperate phage can insert their entire genome in a bacterial host chromosome. Lysogenic 
bacteria contain a complete viral genome, called a prophage, wholly embedded within their 
bacterial genome. Temperate phages remain quiescent until conditions within the cell change 
activating expression of phage structural components and eventual cell lysis. Lysogenic bacteria 
are currently thought to comprise upwards of 40% to 60% of all bacteria in soil and marine 
environments (Jiang and Paul, 1998; Williamson et al., 2007). Evidence suggests phage 
outnumber bacteria in marine and mammalian intestinal tract ecologies (Barr et al., 2013). 
Lysogeny has also been shown to exist in great diversity across bacterial phyla (Mills et al., 
2013; Rea et al., 2013). 
Across these varied environments, both lytic and temperate phages play key roles. These 
include: monitoring the relative stability of that environ through population control by lysis, 
placing selective pressure on an individual strain or bacterial group, increase genetic variability 
(both through transduction and morons) within lysogens and provide a mechanism of external 
phage immunity through superinfection (Cumby et al., 2012; Feiner et al., 2015; Rodriguez-
Valera et al., 2009; Wang et al., 2010; Zinder, 1958). The cost to upkeep a prophage for a 
lysogenic host is the energy and genetic resources to maintain the viral genetic components and 
also the potential altering of host genetic material that may lead to translational protein 
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disruption (Bondy-Denomy and Davidson, 2014; Pfeiler and Klaenhammer, 2007). A prophage 
can also become lytic (Jiang and Paul, 1998). The lysogenic abundance in aquatic and soil 
environments would suggest that the overall cost is counterbalanced by the benefits it brings to 
its host at a given time. 
A prophage persists and increases genetic diversity of its host. In marine environments, a 
bacterial host’s environmental density increased with prophage gene (i.e. integrase, excisionase) 
abundance (Hewson and Fuhrman, 2007; Knowles et al., 2016). This trend was also observed 
with animal and soil environments. Over time phage excision and reinfection lead to genetic 
diversity within marine populations (Rodriguez-Valera et al., 2009). While biological theories 
have been developed to highlight interactions between phage and bacteria, our understanding of 
lysogeny will expand through increased interest and advanced experimental and computational 
tools (Díaz-Muñoz and Koskella, 2014; Mills et al., 2013). 
Recent technological advances in DNA/RNA sequencing and computational comparative 
analyses has led to an increased awareness of how prophage may interact with their bacterial 
host (Letarov and Kulikov, 2009; Reyes et al., 2012; Zhou et al., 2011). Genetic comparisons of 
Gram-positive prophages have highlighted core prophage genes. Attachment site motifs, 
integrase, Cl and Cro-like repressor were found to be shared across 17 prophages from 
Siphoviridae and Myoviridae (Lucchini et al., 1999). The overall prophage genome structure has 
also been studied. It was discovered that phage machinery and capsid proteins lie at the 5’ end of 
the genome. The lysogenic module and replication genes are next. Genes of unknown function 
flank the 3’ end of the genome. These studies indicate a general sense of structure and core genes 
in prophages. These studies also stress the amount of information we know about prophage 
genomics is far less than what is unknown. 
 14 
LAB are inducible lysogens that are found in plant, mammalian GIT, dairy, and plant 
environmental niches. Phages have also been found to infect all LAB genera (Davidson et al., 
1990; Mahony and van Sinderen, 2014; Minot et al., 2011; Pfeiler and Klaenhammer, 2007). 
LAB have also been discovered to contain multiple prophages embedded within their host 
genome. These various phage interactions are expected to play a role in phage transduction rates 
and horizontal gene transfer (Baugher et al., 2014; Ventura et al., 2004). LAB phage genomics 
has shown quasi-comparable results with phages that are phylogenetically similar. For instance, 
two phage genomes that reside within Lactobacillus gasseri NCK099 (phiADH, jlb1) were 
compared genetically using Mauve to two other L. gasseri prophage (KC5a, LgaI,) and a 
Lactobacillus johnsonii Lj771 prophage (Raya et al., 1989). The results highlighted that while 
regions of similarity were found between groups of phages, the two prophages within L. gasseri 
NCK099 had little genetic similarity. The two closest matches were between another L. gasseri 
and L. johnsonii prophages (Baugher et al., 2014). This result suggests that while core genes 
exist between phages, unknown coding sequences characterization could reveal dissimilar coding 
regions with similar expressed function. 
A prophage’s role in a particular LAB species is widely dependent on the industrial or 
native environment where it resides. For industrial applications, prophages are largely viewed as 
harmful. The harm is attributed to slowed or stuck fermentations or loss of final product (Zago et 
al., 2013). Lactococcus lactis, a common bacteria used in yogurt and cheese production, and its 
phages, are well studied due to its industrial importance. Twelve independent prophages have 
been isolated from L. lactis. Of those twelve, BK5-T, phiLC3, Tuc2009 and r1t prophage have 
lytic and temperate stages in hosts fermented dairy products (Blatny et al., 2004; Mahanivong et 
al., 2001). Further investigation into mRNA gene expression of BK5-T revealed transcripts that 
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lie within the BK5-T genome, suggesting the inserted prophage was interacting with its host and 
environment (Boyce et al., 1995). The two homologous genes, integrase and a cI lytic repressor, 
are thought to be essential for temperate prophages persistence (Desiere et al., 2002). In 
Lactobacillus casei, another lysogenic dairy fermenter, a Cro lytic repressor gene is present in 
prophage A2. Dependent on concentration, the Cro gene is translated into a repressor protein that 
can initiate or hinder the lytic phage through defined promoter interaction. The translated Cro 
protein binding at preferred operons 1 and 2 starts a lysogenic phage cycle. Binding at operon 3 
initiates the lytic cycle (Ladero et al., 2002). Cro like repression of temperate phages has also 
been linked to lysogenic dairy fermenter Lactobacillus delbrueckii and vegetable fermenter 
Lactobacillus plantarum (Casey et al., 2014; Kakikawa et al., 2002). The described mechanism 
demonstrates that promoter expression is one key to prophage persistence in lysogenic LAB. 
Prophage persistence can play roles in providing advantages in a natural environment or be a 
calculated risk in industrial application. 
Understanding phage and LAB genomics have led to the emerging understanding of 
CRISPRs. CRISPRs are another tool that bacteria use to combat phage infection (Garneau et al., 
2010). Bacterial genomes have been identified with prophage, CRISPRs, or both (Barrangou and 
Marraffini, 2014; Bondy-Denomy and Davidson, 2014). It is not clear what the interactions and 
implications with CRIPR-Cas systems and intact prophage are within a single bacterium. 
 
2.5 Virus impact on mammalian GIT microbial community, specifically LAB 
With the abundance of viral interactions on Earth, researchers are expanding the roles viruses 
and prophages have with disease (Poullain et al., 2008; Reyes et al., 2012; Virgin, 2014). Viruses 
play a critical role in shaping the GIT microbiome (Mills et al., 2013). Viral dysbiosis in 
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mammalian GITs can lead to disease and immune complications. A GIT virome shapes animal 
physiology through inflammation and immune response. Viral interactions were initially 
characterized by viral-like particles (VLP) found in fecal material. A virus also impacts the GIT 
microbiome directly with disease passively by establishing genetic mutations and interactions 
with resident microbes (Virgin, 2014). The virome is seen as essential to building immune 
responses in the mucosal layer of the GIT (Barr et al., 2013). Constant response enables the 
animal host to develop and be ready to respond to new viral attacks. Viruses can attack a naive 
bacterial cells, thereby altering the cell. The lytic phage may contain morons, genes contained in 
the viral genome that have external function to the host cell, have been shown to benefit the 
bacterial host (Cumby et al., 2012). These morons can assist their host through virulence or 
provide new genes or mutations that aid in new nutrient augmentation or transport (Ogilvie and 
Jones, 2015). Either viral gene acquisition or mutation results in benefits for the lysogenic 
bacterium. The implications are far greater, though, for the animal host if virulence is increased. 
To appreciate how phage specifically impacts a human health gut, Manrique et al. 
conducted a study of 62 individual humans across three cities to begin to establish a "core 
phageome." Of the three groups, they identified a core gene group found in 50% of the subjects. 
The common genes were typically 20-50% and low homology genes approx. 20% bacteriophage 
in all test subjects. The core, shared, and unique grouping was based on gene across all test 
groups. The support of prophage dominance over lytic phages was also identified again 
(Manrique et al., 2016). This study has begun to answer the question of whether there are core 
phage or prophage genes. 
It is not entirely known what beneficial roles phage genes play in the GIT. There is 
evidence that cryptic prophage, phages that no longer have lytic capabilities, could play a 
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commensal role to the host through antibiotic resistance (Wang et al., 2010). Morons, are also 
suggested to play a larger role in GIT phageomics. Additional carbohydrate utilization, antibiotic 
resistance and oxidative stress mechanisms provide a reason for the host to keep a whole 
prophage genome or phage acquired genes over time (Cumby et al., 2012; Mills et al., 2013; 
Reyes et al., 2010). Characterizations of unknown phage coding regions are required to uncover 
these genetic relationships. 
Next generation DNA sequencing can support in intestinal metagenome tracking of 
microbes and viruses to assist assessments of real-time interactions (Reyes et al., 2012). Duerkop 
et al. showed that Enterococcus faecalis phage phiV1/7, a bacteria and phage non-native to the 
mouse host, produced viral like particles when inoculated with E. faecalis. The absorption was 
identified using plaque assays in the small intestine and colon, but in higher abundance in the 
colon (Duerkop et al., 2012). This study illustrated the advantage lysogeny has to establish GIT 
niches over an E. faecalis strain without a prophage present. 
Lysogeny has been shown through metagenomic data of human fecal samples to 
represent a larger percentage of the total bacterial community than in other environments 
(Manrique et al., 2016; Minot et al., 2011; Ogilvie and Jones, 2015). Metagenomic viral fecal 
sample studies have been conducted largely on single or small groups of people. One study of a 
single person found that of the total viral components, phages comprise 95%. Of that 95%, 
prophage included 28% within human fecal samples. Viral phylogenic families identified the 
remaining 67% through BLAST outputs (Breitbart et al., 2003). Another study sought to 
characterize the viral differences between two monozygotic twins. Of the total number of viral 
genomes, 81% of the DNA reads sequenced did not map to a generated viral database. It was 
discovered that the viromes of the twins were greater than 95% similar to each other over a year 
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(Reyes et al., 2010). The results of these studies have been corroborated in other ruminant 
mammals as well (Letarov and Kulikov, 2009). 
Viromic studies offer many challenges to characterizing phages, prophages and 
cryptophages within GITs. The difficulty in identifying phage with the mammalian GIT by 
metagenomic analysis is determining where the virus originated, whether it is active or passive, 
recognizing the potential prophage-host(s). If it is identified as a prophage, the read coverage 
may not be robust enough to provide enough statistic confidence due to recombination of the 
host genome (Ogilvie and Jones, 2015). If a phage is only identified through high-throughput 
sequencing of metagenomic data and cannot be induced using common induction techniques 
(mitomycin C, UV, norfloxacin), does its genetic fingerprint justify its classification as a 
prophage or cryptic prophage? Prophage can also be difficult to induce. Even with the right mix 
of temperature, time and appropriate phage inducing conditions, the result can still end with no 
inducible phage (Reyes et al., 2012). Accepting the limitations of new techniques can help create 
research that not only is novel and insightful. It creates another solid layer of understanding for 
future researchers to take these insights to new heights. 
Prophage impact on LAB in the GIT is not well characterized. Prophage have been 
identified in many Lactobacillus species including: L. gasseri, L. delbrueckii, L. casei, L 
johnsonii, and Streptococcus thermophilus (Baugher et al., 2014; Capra et al., 2006; Denou et al., 
2008a; Guigas, C. et al., 2016; Riipinen et al., 2011). Morons found in S. thermophilus J34 were 
shown to out-compete three foodborne pathogens in attachment to epithelial cells in cell culture. 
The authors were able to identify an open reading frame (ORF) within the prophage that, when 
knocked out, retarded attachment. However, specific identification of the ORF was hindered due 
to lack of comparable genetic sequences in the NCBI BLAST database (Guigas, C. et al., 2016). 
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Another Lactobacillus species, L. gasseri was shown to harbor two phages. These were proven to 
affect transduction rates as well as horizontal gene transfer in vitro (Baugher et al., 2014; Raya et 
al., 1989). Identifying mRNA transcribed in growth culture is a beginning step to identify if 
prophage involvements occur in the GIT. The impact of lysogenic L. murinus in GITs is not 
currently known. Unveiling the role prophage play in lysogenic L. murinus can provide insights 





ISOLATION AND GENOMIC ANALYSIS OF LACTOBACILLUS MURINUS EF-11 
 
3.1 Abstract 
Screening for lysogenic gastrointestinal lactobacilli in rat fecal samples identified Lactobacillus 
murinus EF-1. Whole genome sequencing and de novo assembly revealed a 2.30Mbp draft 
genome with 39.6% G+C content and 2196 open reading frames. PHAST analysis identified 
three intact prophages of 26.1Kbp, 25.4Kbp and 49.6Kbp size. Further characterization of L. 
murinus EF-1 prophages will help reveal the mechanisms responsible for assisting in niche 
exploitation within murine intestinal tracts. 
 
3.2 Introduction 
Lysogens, bacterial hosts with an embedded bacteriophage genome within their bacterial 
genome, account for approximately 40% of the total bacterial population across several 
microbial communities (Barr et al., 2013; Knowles et al., 2016). Lysogens are also known to 
contain clustered regularly interspaced short palindromic repeats (CRISPRs). Both CRISPRs and 
prophages aid bacterial host immunity through interference with infecting cell adhesion or 
interaction with host replication machinery (Barrangou and Marraffini, 2014; Guinane et al., 
2011). Identifying and characterizing prophage dependent bacteria with their intact viral genetic 
component enables further research to explore the mechanisms that viruses play in aiding 
bacterial hosts in establishing and developing niches within gastrointestinal tracts (GIT) 
                                                
1 The main conclusions of these results have been published as Fritz, E., and Miller, M.J. (2017). Draft 




environments (Guigas, C. et al., 2016). UV and antibiotics (i.e., mitomycin, erythromycin, 
norfloxcin) have been shown successfully induce prophages within LAB and Lactobacillus 
species (Davidson et al., 1990; Denou et al., 2008b; Raya et al., 1989). Lactobacillus murinus 
strains have previously been isolated and identified from rat, mice, porcine, canine, and human 
GIT (Perelmuter et al., 2008; Rossi et al., 2016). Also, various L. murinus strains have been 
further analyzed for probiotics in food formulations (Chung-Hsiung Huang et al., 2016; Gardiner 
et al., 2004; Perelmuter et al., 2008). No research to our knowledge has specifically investigated 
lysogeny within L. murinus strains. With increased public interest in probiotics both from 
consumer usage and patent intellectual properties (Dixit, Y. et al., 2016), it is vital to understand 
the implications lysogenic bacteriophage on probiotic functions within the host GIT. 
 
3.3 Materials and Methods 
LAB isolation, culturing, and growth conditions. Eight Fisher 334 rats (Indianapolis, IN, 
USA) were fed a controlled diet as previously described (Liu et al., 2017). Fecal and cecal 
samples were collected and placed in a 37oC anaerobic chamber. A portion of each sample was 
aliquoted in 500µl of peptone water (peptone 10g/L, NaCl 5g/L) and mixed using a VWR 
Vorterer 2 (Radnor, PA). The remaining intact fecal or cecal sample was stored in ann -80oC 
freezer for future analyses. Serial dilutions of the fecal and cecal sample were performed to 
obtain 10-1 to 10-4 dilutions in peptone water. 100µl of each dilution was spread plated into a 
petri dish containing Lactobacillus Selection (LBS) agar (Becton Dickinson, France) and 
incubated under anaerobic conditions at 37oC for 48 hours. Each peptone broth dilution was 
plated twice. After 48 hours or visible colony growth, individual cecal and fecal colonies were 
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then transferred to 1 ml culture tubes containing Lactobacilli deMan, Rogosa, and Sharpe (MRS) 
Broth (Becton Dickinson, France) and incubated anaerobically at 37oC for 48 hours. 
Isolate morphology confirmation from rat fecal and cecal samples. Isolate bacillus 
morphology was confirmed using a 2µl aliquot of each MRS incubated isolate at 1000x 
magnification using a 102M microscope (Motic, Canada). Samples were then mixed in 1:1 ratio 
with 25% glycerol and stored in an -80oC freezer. Nomenclature was established with 
R_F/C_1.2. R meaning rat, F/C fecal/cecal, the first number is the rat sample and the second is 
the order in which the isolate was obtained for further analyses. Isolate RF3.9 was the ninth fecal 
isolate from rat 3. 
Screening of rat isolates with antibiotic induction. The first fifteen-captured rat fecal and cecal 
isolates were tested for prophage induction by mitomycin C (MMC). Rat isolates were grown 
anaerobically for 14-18 hours at 37oC in 1ml MRS or until optical density (OD600) of 1.5 to 2 
was reached using a 9500 photometer (YSI, Yellow Springs, OH). Cells were pelletized by 
centrifugation with Microfuge 16 (Beckman Coulter, Indianapolis, IN) at 6000 x g for 3 minutes 
and re-suspended in 1ml of fresh MRS. A 1% bacterial inoculum was then added to MRS broth 
for a total volume of 200µl and incubated at 37oC anaerobically until a 0.1 OD600 was obtained. 
50µl of MMC (Sigma-Aldrich) was added to the inoculum in six final concentrations (0, 100, 
200, 500, 800, 1000 ng/ml). Finally 50µl mineral oil added for a total volume of 300µl per well. 
Optical densities were captured at 30-minute intervals for 22 hours. The cultures were shaken 
continuously at medium amplitude and stopped for 10 seconds before OD reading. Growth 
induction curves recorded using Bioscreen C and corresponding software (Growth Curves USA, 
NJ). Relative OD analysis was conducted using Microsoft Excel and plotted across the time 
points for each MMC treatment. Lactobacillus gasseri ATCC 33323 was used as a positive 
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control of MMC induction based on previous literature (Raya et al., 1989). Additional MMC 
concentrations of 300 and 600ng/ml were used to further confirm isolate OD reductions. 
Isolate DNA extraction and species confirmation using PCR and Sanger sequencing. 10ml 
of respective frozen isolates were grown overnight in MRS broth under anaerobic conditions at 
37oC. Bacterial DNA was extracted using the Molecular Bio rapid DNA extraction protocol and 
kit (Bio-Rad, CA). Extracted DNA was subjected to 16srRNA gene amplified using PCR 
conditions and primers as previously described (Hoeflinger et al., 2015). 25µl of Econo Taq® 
plus Green 2X master mix with loading dye (Lucigen, WI) was added to 10µl of DNA primers 
(10mmol), 12µl molecular grade H2O (Qiagen) and 3µl gDNA (10µg/ml). The reaction mixture 
was placed into 2720 thermocycler (Applied Biosystems, CA) under the following conditions: 
initial denaturation at 95 oC for 2 minutes, denaturation at 95 oC 30 sec, annealing 58 oC 30 sec, 
extension 72 oC 90 sec., final extension 72 oC 5 min. Denaturation, annealing and extension steps 
were repeated 30 times. The final PCR product was verified on a 1.5% agarose gel stained with 
ethidium bromide (10µl/50ml) executed for 35 minutes at 90 volts. A 2-log ladder (New England 
Labs, Ipswich, MA) was added in a separate gel lane with the samples to confirm the 1300 
nucleotide amplicon size. PCR products were then purified using DNA Clean and Concentrator 
Kit (Zymo Research, CA) using the manufacture’s protocol. The final DNA concentration of 
each isolate was verified using a Nanodrop 2000 (ThermoScientific, MA). 
Sanger DNA sequencing, read trimming, and isolate confirmation. Cleaned and single 
amplicon verified PCR DNA was submitted to the Roy J. Carver Biotechnology Center 
(University of Illinois at Urbana-Champaign, IL) for Sanger sequencing. Retrieved sequence 
reads were trimmed for quality based on the chromatogram and subjected to the NCBI BLASTn 
algorithm nr/nt database on 5/6/2016 (https://blast.ncbi.nlm.nih.gov/Blast.cgi). 
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Whole genome gDNA extraction, verification and sequencing. Lactobacillus isolate RF3.9 
was grown overnight anaerobically at 37 oC in 10ml MRS broth before gDNA extraction using 
DNeasy Blood and Tissue Kit (Qiagen, Germany) with the following modifications. Grown cells 
were subject to three 20-minute cycles of 10 minutes at 0 oC followed by 10 minutes at 37 oC. 
30mg/ml lysozyme was added to Qiagen EB buffer. 10µl of 500 unit RNase (Roche Diagnostics, 
Germany) was added before ethanol and incubated at 37oC for 30 minutes. The 50µl gDNA 
concentration was confirmed through Nanodrop 2000 and stored at -20oC. Verification of gDNA 
genome size was confirmed using 1% agarose gel electrophoresis for 30 minutes at 90 volts with 
2µl of 6X loading dye was added to 8µl gDNA performed alongside a 2 log Neb ladder (New 
England Biolabs, MA). Genomic DNA was then submitted to the Roy J. Carver Biotechnology 
Center for Nextera mate-pair and pair-end library prep and Mi-Seq Illumina High-throughput 
genomic sequencing. 
Sequence assembly and bioinformatics. Sequenced gDNA reads were quality controlled, 
trimmed and assembled using CLC Genomics Workbench de novo assembly (version 8.5, 
Aarhus, Denmark). Scaffolds were further analyzed and characterized using Prodigal open 
reading frame (ORFs) (Hyatt et al., 2010), RNAmmer rRNA (Lagesen et al., 2007), PHAST 
prophage (Zhou et al., 2011), and CRISPRfinder (Grissa et al., 2007) CRISPR repeat identifier 




Lactobacillus isolation, morphology confirmation and MMC induction. 300 bacterial isolates 
were obtained on LBS agar from the 8 rats. Individual rat fecal and cecal counts can be found in 
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Table 3.1. 152 fecal and 148 cecal isolates were grown in MRS broth and verified to have 
bacillus morphology. MMC induction curves were constructed using Bioscreen C equipment to 
screen all fecal and cecal isolates. The range of MMC between 200 and 800 ng/ml resulted in the 
OD reduction of 73-87 fecal and 57-68 cecal samples of 120 total isolates per group (Table 3.1). 
Individual isolate MMC susceptibility can be found in Appendix A Table A.1. 
 
Table 3.1 LAB isolated culture identification and MMC induction. 
RF denotes rat fecal sample. RC denotes rat cecal sample. The number of susceptible isolates is 
based on the lowest number of positive results. The high estimate includes all possible positive 
results. All inductions were conducted from the first 15 picked colonies. 
 
Prophage induction verification, selection and speciation of RF 3.9 and 1.14 isolates. Rat 
fecal isolates 1.14 and 3.9 were identified out of the 240 isolates through MMC induction as the 
two candidates for future studies based on the initial growth curve analysis (Fig. 3.1a). Focusing 
on RF3.9, 300 and 600 ng/ml MMC concentrations produced a higher overall optical density 





Morphology Lower estimate of 
MMC induction 
Higher estimate of 
MMC induction 
RF1 28 bacillus 8 10 
RC1 17 bacillus 5 - 
RF2 17 bacillus 5 9 
RC2 15 bacillus 2 - 
RF3 22 bacillus 13 14 
RC3 16 bacillus 8 13 
RF4 15 bacillus 9 - 
RC4 20 bacillus 7 10 
RF5 16 bacillus 11 13 
RC5 20 bacillus 11 - 
RF6 17 bacillus 6 7 
RC6 19 bacillus 10 10 
RF7 21 bacillus 14 15 
RC7 24 bacillus 12 13 
RF8 16 bacillus 7 10 
RC8 17 bacillus 2 4 
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inducer, Lactobacillus gasseri ATCC 33343, confirmed a similar pattern of induction in RF3.9 
(Fig. 3.1c). 
Following the MMC induction curve analysis, a genomic region of the 16s rRNA genes 
of RF 1.14 and 3.9 were amplified and sequenced. Alignmented results to the NCBI BLASTn 
database identified Lactobacillus murinus as the top results in both RF3.9 and 1.14 isolates 
(Table 3.2 and Appendix Table B.1). Based on the MMC inductions and BLASTn results, RF3.9 
was selected as the first candidate for whole genome sequencing. 
 
















































Fig 3.1 cont. 
(C) 
  
Each separate shape indicates a different MMC treatment. (A) Initial induction of two rat fecal 
isolates 3.9 and 1.14 at 0 and 500 ng/ml MMC. MMC induction occurred at 0,300, 500 and 
600ng/ml concentrations for (B) 3.9 and (C) L. gasseri 33323. Error bars denotes standard 
deviations from 3 separate independent trails in (A) and 2 in (B) and (C). 
 
Table 3.2 BLASTn results from 16s rRNA gene query. 
Rat isolate Sequence BLAST Description Identity E-value 
1.14 16s rRNA Lactobacillus murinus strain LM-B57 100% 0.0 
1.14 16s rRNA Lactobacillus murinus strain DSM 100193 100% 0.0 
3.9 16s rRNA Lactobacillus murinus strain DSM 100193 100% 0.0 
3.9 16s rRNA Lactobacillus murinus strain DSM 100194 100% 0.0 
Top 2 BLASTn species results provided. Identity is percent genomic region match to reference 
strain. E-value is a statistical probability of a false positive occurring during alignment. BLASTn 
searches were performed on 4.25.16. 
RF3.9 sequencing, genome assembly and bioinformatic analyses. Genomic DNA was 
extracted, verified and sequencing was performed to identify putative prophages within the 
RF3.9 isolate. Mate-pair and paired-end libraries of RF3.9 gDNA were generated for Illumina 
MiSeq sequencing generating 13,345,922 mate-pair and 9,992,616 paired-end sequencing reads. 
CLC Genomics Workbench de novo assembly resulted in 18 scaffolds with a total length of 
2,308,018 base pairs (bp), a G+C content of 39.6% and an N50 length of 309,081 bp. 99.46% of 
























sequencing information can be found in Appendix B Tables B2-5 and Fig. B1. 16s RNA gene 
regions re-confirm L. murinus identity to the de novo assembly (Sarmiento-Rubiano et al., 2010). 
Prodigal ORF finder revealed 2196 ORFs (Appendix B Table B.6) and RNammer analysis 
revealed eight subunits of rRNA (Table 3.3). Upon uploading of the draft genome to the PHAST 
pipeline, three intact prophages were also identified. Two putative prophages (26.1Kbp and 
25.4Kbp) were identified on scaffold 6 and one on scaffold seven (49.6Kbp) along with four 
incomplete prophages on scaffolds 1 (6.9Kbp), 2 (8.5Kbp), 3 (19.7Kbp) and 5 (9.8Kbp). Also, 
one questionable CRISPR spacer was identified in scaffold 3 using CRISPRfinder. The whole-
genome shotgun project is deposited in GenBank under the accession number 
NZ_MPSN00000000.1 as Lactobacillus murinus EF-1, respectively.  
 
Table 3.3 RNammer rRNA results. 
Scaffold Position RNA identification Score 
4 22555-22670 5s rRNA 86.4 
1 5534-5649 5s rRNA 88.6 
13 227-342 5s rRNA 73.5 
13 29-144 5s rRNA 86.4 
1 310876-310991 5s rRNA 88.6 
12 13-128 5s rRNA 86.4 
12 203-3117 23s rRNA 3491.9 
12 4106-5657 16s rRNA 2033.2 
RNammer results obtained on 7.7.16. 
 
3.5 Discussion 
The goal of this study was to isolate a lysogenic Lactobacillus strain from fecal or cecal lab rat 
samples. After isolation and morphological characterization of potential candidates, MMC 
prophage induction was performed. The resultant speciation of two isolates was confirmed 
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through BLASTn 16s rRNA gene alignment. Genomic DNA was extracted, sequenced, 
assembled and subjected to bioinformatics analyses to confirm RF3.9’s lysogenic status. 
Obtaining a functional lysogenic isolate enables further exploration in the roles lysogens plays in 
Lactobacillus GIT niche development. 
 Prophage MMC inductions are well characterized in many environments including the 
mammalian GIT (Virgin, 2014). Identifying 47-60% of lysogenic LAB across 240 isolates across 
eight rats is similar to lysogens found in soil, ocean and GIT microbial environments (Banks et 
al., 2002; Hewson and Fuhrman, 2007; Jiang and Paul, 1998; Letarov and Kulikov, 2009; 
Williamson et al., 2007). The lower occurrence of lysogenic cecal samples may be due to the 
inducer molecule used or conditions in which induction was carried out. The cecal sac’s 
physiology before the ascending and descending colon is a higher pH environment due to bile 
acid contact, which can effect survivability of some LAB species (Selle and Klaenhammer, 
2013). A higher lysogen rate in the fecal samples could also suggest greater LAB diversity at the 
distal colon. While colonies were picked at random, bias in confirming prophage induction in the 
first fifteen isolates may also be present. Identifying representative isolate members collected or 
conducting metagenomic analyses of the fecal and cecal samples may address identification and 
ratios of members present in the total microbial population. Inducing with other molecules and 
environmental conditions may help increase the number of inducible prophages. RF3.9 MMC 
induction at 500 ng/ml is suggested by the greatest reduction of cells (Fig. 3.1b). A concentration 
of 500 ng/ml MMC is supported in previous Lactobacillus literature (Auad et al., 1997; Guinane 
et al., 2011; Raya et al., 1989). 
The draft genome characteristics of L. murinus EF-1 indicate similarities with other LAB. 
The total length, ORF count and G+C content are consistent with other Lactobacillus species 
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(Drissi et al., 2014; Pfeiler and Klaenhammer, 2007). Discrepancies with Prodigal identified 
ORFs may be due to other features, such as tRNAs, or L. murinus specific start codons 
(Appendix B Table B.5). It is also possible that an inversed scaffold could also result in a low 
number of recognized ORFs. Additional BLAST alignment to known L. murinus can start to 
provide a completed genome. Viral interactions with a host bacterium have been shown, at times, 
to benefit the host. The documentation of three intact and four incomplete prophages through 
PHAST suggest adaptive immunity for the host. Since lactobacilli are known lysogens, it is 
plausible that L. murinus EF-1 is a lysogen. Several reasons support the identification of the four 
incomplete prophages. The PHAST algorithm uses only previously identified phage components. 
If prophage genes or attachment sites are not previously identified or found in databases, then an 
incomplete phage genome could result. Recognition of attachment sites flanking multiple ends of 
incomplete prophage may suggest that recombination occurred within the host genome (Banks et 
al., 2002). Cryptic prophages may also be represented in the incomplete prophages as well. 
Characterizing cryptic prophages, phages whose "phage-like genes" have degraded over time, 
can be difficult. Cryptic prophages have been shown to help bacteria cope with changing 
environments (Wang et al., 2010). Future studies characterizing the lysogenic phages within L. 
murinus EF-1 will contribute to demonstrate the link between prophage and bacterial host. 
A questionable CRISPR array may or may not demonstrate a preference toward lysogeny 
of strain EF-1. Because CRISPRfinder uses previously considered repeats, it is possible that EF-
1 contains additional CRISPR repeats that are not known. It has been shown in Lactobacillus 
johnsonii strains usage of both prophage and CRISPR arrays for host benefit (Guinane et al., 
2011). Having multiple adaptive immunity mechanisms is beneficial in dense environments, like 
the GIT (Denou et al., 2008a). 
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3.6 Conclusion 
Isolation and screening, MMC induction from rat isolates selects and suggested lysogeny in 
RF3.9, name L. murinus EF-1. Further efforts sequencing, assembling, annotating, and 
conducting bioinformatics analyses of draft genome of L. murinus EF-1 suggest prophages are 
present. Confirming the genome and morphology of inducible prophages will further 
characterize their functions and roles in establishing niches and providing additional benefit 




INDUCED PROPHAGE GENOMICS OF MURINE GASTROINTESTINAL ISOLATE 
LACTOBACILLUS MURINUS EF-1 
 
4.1 Abstract 
Lysogenic Lactobacillus are thought to have an advantage establishing niches in gastrointestinal 
tracts. To investigate the novel prophage in a murine fecal lysogen Lactobacillus murinus EF-1, 
we first confirmed lysogeny through mitomycin C induction. We subjected the induced lysate to 
TEM imaging to support the observed reduction of optical density was induced by prophages 
lysing EF-1 and identified a Siphoviridae class phage 270nm long with a contractile tail. Upon 
DNA sequencing from the induced lysate, 99% of sequenced reads mapped to only one region of 
EF-1’s genome, which had been previously predicted to contain an intact prophage genome. 
Further genetic analyses revealed a 39.1 kbp, 39.43% G + C content, circular inducible 
prophage, named phiEF-1.1, which encodes 58 putative proteins. PhiEF-1.1 attachment sites 
were recognized to be inserted into a host arginine tRNA. BlastP analysis of the 58 CDS of 
phiEF-1.1 revealed that it is substantially divergent from 104 PHASTER identified and 
Lactobacillus phages.. Regardless, it was possible to assign 38 of the 58 CDS putative functional 
annotations. Bioinformatic comparisons of phiEF-1.1 coding regions with to two other L. 
murinus strains: ASF361 and DSM20452, showed little amino acid similarity. Other predicted 
prophage islands within EF-1 showed limited similarity to ASF361 and DSM20452, suggesting 
possible phage divergence and recombination. This study reports an account of an inducible 
prophage, phiEF-1.1, from a L. murinus strain. 
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Lytic and lysogenic virus influence and impact the mammalian gastrointestinal 
microbiota. Lactic Acid Bacteria, such as the genus Lactobacillus, frequently harbor lysogenic 
viral genomes within their bacterial chromosome called prophages. Prophages can aid bacterial 
fitness by developing and maintaining intestinal niches in a variety of ways including 
superinfection immunity (i.e. repelling adsorption of similar phage to the cell) and by 
contributing novel gene functions (i.e. extracellular metabolite conversion or novel metabolic 
activity). Here we have examined prophages from Lactobacillus murinus EF-1, a previously 
isolated bacterium from rat fecal samples. Characterizing L. murinus prophage phiEF-1.1 and 
comparing its genomic regions to known Lactobacillus phages is critical for determining the 
roles Lactobacillus prophages may have in intestinal niche development. 
 
4.2 Introduction 
The mammalian gastrointestinal tract (GIT) holds a dense, diverse and complex microbial 
community of bacteria, fungi, archaea and viruses (Cho and Blaser, 2012; Mills et al., 2013). 
Viruses within the mammalian GIT especially bacterial viruses (bacteriophages, or phages) 
influence bacterial niche development through interactions with bacteria and the mammalian 
host. Lysogenic phage invades a bacterium’s cell and inserts their viral genome into the bacterial 
chromosome. The lysogenic phage, called a prophage, can persist for numerous generations as 
the bacterial cell divides (Gandon, 2016). Prophage persistence can benefit the host cell by 
providing immunity against competing phage and by offering added function for the bacterial 
cell, called morons, to potentially attain or uphold its niche within the GIT through virulence or 
external resource use (Cumby et al., 2012; Mills et al., 2013). 
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Lactic Acid Bacteria (LAB, order Lactobacillales) are a dominant component of the 
mammalian GITs and are known to harbor multiple prophages (Kassaa et al., 2014; Selle and 
Klaenhammer, 2013) in their chromosome. LAB, and specifically the genus Lactobacillus, 
support niche development by regulating GIT pH, producing vitamins and bacteriocins while 
also metabolizing sugars (Drissi et al., 2014). Genomic variation and specific roles of lactobacilli 
prophages in GIT niche development is not well understood (Mills et al., 2013). Isolating and 
characterizing lysogenic lactobacilli is important to determine the impact lysogeny has on GIT 
colonization and function. 
We hypothesize that lysogenic Lactobacilli have an advantage establishing GIT niches 
due to superinfection immunity, moron involvement and by lysis of competitors via prophage 
induction. Lactobacillus murinus comprises a significant proportion of the murine GIT and has 
been shown to adhere and colonize murine GIT mucosal surfaces (Almirón et al., 2013; Pena et 
al., 2004). Previously we isolated L. murinus EF-1 from a rat GIT, which appeared to encode 
three putative prophages identified on scaffolds 6 and 7 of the draft genome (Fritz and Miller, 
2017). Here we have characterized phiEF-1.1, the inducible lysogenic phage from L. murinus 
EF-1 that can be morphologically assigned to the Siphoviridae and encodes a modular 39.1 Kbp 
genome. This study investigated a phage of a GIT lysogenic Lactobacillus murinus isolate and is 
a novel model system to study the importance of prophage on the colonization dynamics of LAB. 
 
4.3 Materials and Methods 
Bacteria and phage strains. Lactobacillus gasseri ATCC 33323 and Lactobacillus murinus EF-
1 (Fritz and Miller, 2017) bacterial strains were used in this study. Cultures were grown using 
deMan, Rogosa, and Sharpe (MRS) Broth (Becton Dickinson, France). Cultures were maintained 
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in a -80oC freezer with a 1:1 ratio of MRS and 25% glycerol. Phage phiEF-1.1 was purified from 
this study. 
Induced lysate preparations and concentration. One liter of MRS broth with 250mM CaCl2 
and 2M MgCl2 final concentration was inoculated with an 18-24 hour 1% culture of L. murinus 
EF-1 cells and incubated at 37oC anaerobically. After cells reached an OD600 of 0.1, MMC was 
added to a final concentration of 500 ng/ml and OD was observed for 16-18 hours. After OD 
reduction confirmation, the cells and debris were separated from the lysate by centrifugation at 
2800 x g for 15 minutes at 4oC (Eppendorf, 5810R model with A-4-62 attachment). The 
supernatant was then filtered using a 0.22 µm-pore filter. The filtered lysate was next treated 
with 1µg/ml each DNase I (New England Labs, Ipswich, MA) and RNase A (Roche Diagnostics, 
Germany) for 2 hours at room temperature with constant agitation. The lysate was concentrated 
19x using a 100k normal molecular weight limit centrifuge tube at 2600 x g at 25oC. 1x of SM 
buffer (100mM NaCl, 8mM MgSO4 6H2O, 50mM Tris-Cl ph 7.5) was added to the final lysate 
concentration of 20x and was stored for less than 48 hours at 4oC. Preparations of concentrate 
were conducted on two separate occasions for transmission electron microscopy. 
Transmission electron microscopy (TEM) of phage. Procedures for TEM imaging were used 
as previously described (Baugher et al., 2014). Imaging was performed by staff at the Beckman 
Institute at the University of Illinois at Urbana-Champaign. Images were taken with a Phillips 
CM200 transmission electron microscope at 55k and 88k x at 100kV using a Peltier-cooled Tietz 
(TVIPS) 2k x 2k CCD camera. Micrograph images from the first lysate (n=2) and the second 
(n=3) were used to calculate the average phage dimensions with standard deviations. 
Induced lysate vDNA extraction and quantification. The additional steps after concentration 
of MMC-induced lysate were as follows. A final 0.1% sodium dodecyl sulfate concentration was 
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added. Next, Qiagen proteinase K (Hilden, Germany) was added to a final concentration of 20 
µg/ml and incubated overnight at 37oC. Enzyme inactivation and purification were carried out in 
accordance to Qiagen Blood and Tissue DNA extraction kit. The final eluted volume was 50µl. 
Viral DNA concentration was verified by NanoDrop 2000 (ThermoScientific) and through a 
1.5% agarose gel electrophoresed at 90 volts with 100ng of vDNA alongside a 2-log ladder (New 
England Labs, Ipswich, MA). 
Viral DNA sequencing, alignment, and annotation. 1µg of concentrated extracted EF-1 lysate 
vDNA was submitted to the Roy J. Carver Biotechnology Center (University of Illinois at 
Urbana-Champaign) for Nextera paired-end library prep and MiSeq Nano Illumina sequencing. 
Retrieved reads were quality controlled and mapped to L. murinus EF-1 reference using CLC 
Genomics Workbench version 8.5 (CLC Bio, Aarhus, Denmark). Tablet software was used to 
visualize mapped aligned reads to reference the EF-1 draft genome and supported consensus 
reads were submitted online to PHASTER (www.PHASTER.ca) for phage characterization 
analysis (Arndt et al., 2016; Milne et al., 2013). Bioinformatic output indicated best open reading 
frame alignment with BLAST nr/nt database (https://blast.ncbi.nlm.nih.gov/Blast.cgi) and the 
PHASTER viral database conducted on (3/1/17). Snap Gene v2.7 software (Chicago, IL) assisted 
with genome visualization. 
Host attachment site and capsid packing analyses. Additional sequenced vDNA from the 
induced lysate that flanked the PHASTER draft viral genome and attachment sites were 
submitted to the NCBI megablast BLAST nr/nt database on 3/28/17.  
 In silico restriction enzyme digestion and 1.0% agarose gel electrophoresis of linear and 
circular phiEF-1.1 viral DNA was carried out using Snap Gene v2.7 software with the following 
enzymes: ApaI and SacII and a 1kb digital ladder. ApaI and SacII restriction enzymes were then 
 37 
used to digest phiEF-1.1 uncut vDNA according to the manufacturer’s instructions (New 
England Labs, Ipswich, MA). 127.0 ng of viral DNA was digested. 8µl of digested DNA and 2 
µl 6x dye containing SDS were mixed and loaded in a 1% agarose with 10ul ethidium bromide 
gel alongside a 1KB DNA ladder (New England Labs, Ipswich, MA) and electrophoresed at 80V 
for 2 hours. Undigested phiEF-1.1 viral DNA and H2O was also pipetted into wells as controls. 
Agarose gel DNA bands verification were performed with a 2UV Transilluminator lightbox 
(UVP, Upland, CA). 
PhiEF-1.1 CDS comparisons to 104 phages coding regions database. 96 PHASTER matched 
phage genomes and 8 additional NCBI publically available Lactobacillus viral coding regions 
(accessed on 3/10/17 and 5/19/17) were combined to form the 104 phage CDS database. 
PHASTER identified phage hits had e-value cutoffs were below 1.0e-5. PhiEF-1.1 CDS were 
subjected the 104 phage database query with accepted e-value thresholds kept below 10e-3. The 
longest aligned read within a given e-value was chosen if multiple CDS alignments resulted. A 
plot of single phiEF-1.1 CDS was generated for each selected phage CDS and identified through 
the percent identity of the BLASTp search. Coding regions of the 105 viral genomes were 
searched with Pfam Hidden Markov Models (HMMs) Pfam-A.hmm database to identify putative 
protein domains using default settings on 5/25/2017 (Finn et al., 2014). Domains that had 
similarity to CDS of phiEF-1.1 were plotted using Microsoft Excel to generate a corresponding 
percent identity heat map. A list of the 105 phages is found in Appendix C Table C.1. 
Identification and comparisons of putative phages in other L. murinus isolates. In addition 
to the parent strain EF-1, two publically available draft genomes of L. murinus strains were 
obtained through NCBI on 4/30/17, ASF361 and DSM20452. EF-1 and DSM20452 strains were 
obtained from rat intestines while ASF361 is a mouse GIT isolate. The 58 coding regions 
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identified for phiEF-1.1 were assigned percent sequence identity using BLASTp for each strain's 
PHASTER identified phage proteins. Similar thresholds were used as mentioned above. Percent 
sequence similarities were used to generate a heatmap of PHASTER identified CDS to coding 
regions of phiEF-1.1. Draft genomes of the three L. murinus strains were submitted to the 
CRISPRsfinder pipeline on 7/5/17 to identity possible CRISPR repeated regions (Grissa et al., 
2007). 
Nucleotide sequence accession number. The circularly permuted prophage genomic sequence 




Viral morphology. Filtered and concentrated induced cell lysate from 2 separate MMC 
inductions was examined using transmission electron microscopy (TEM) imaging. A uniform 
viral morphology was observed at both 55,000x and 88,000x magnification that was consistent 
with double stand DNA viruses of the Caudovirales order Siphoviridae class phage (Fig. 4.1a/b). 
Five micrographs obtained from 2 independently induced lysates show a phage particle 
measuring approximately 270nm (+/- 108nm) long and consisted of a 56nm (+/-5nm) diameter 
icosahedral head and 228nm (+/-104nm) tail. No tail fibers were observed. 
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Fig 4.1 Transmission electron micrograph of induced phage phiEF-1.1. 
 
Arrows point to phage capsid icosahedral head and non-contractile tails. (A) Scale bar is 100nm. 
(B) Scale bar is 200nm. Five micrographs were obtained from 2 independently induced lysates 
that were stained in ether with uranyl acetate.. 
 
Viral DNA sequence alignment to L. murinus EF-1. Viral DNA was isolated from an induced 
cell lysate and sequenced to determine the genome and identity of the induced phage. Quality 
controlled induced vDNA reads were mapped to L. murinus EF-1 genome. Of the 162,553 
MiSeq vDNA sequenced Illumina reads generated, 99.8% (162,328) of the reads mapped 
specifically to the reference L. murinus EF-1 draft genome prophage region 7.1, now named 
phiEF-1.1. This resulted in an average 169x sequence read coverage. The read coverage for two 
other putative prophage genomic regions previously identified by PHASTER was less than 1x. 
Region 6.1 had no mapped reads and region 6.2 had a single pair of reads that mapped to a non-
coding region (data not shown). An initial PHASTER analysis of isolate EF-1 predicted a 
49.6Kbp genome for prophage region 7.1. However, the reads from the cell lysate only 
corresponded to 39.1Kbp of the prediction. The extra 10Kbp previously identified through 
PHASTER was attributed to three open reading frames that contained two putative proteins 
external to the right attachment site (Fritz and Miller, 2017). We designate this active 39.1Kbp 
Siphoviridae prophage as phiEF-1.1. 
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PhiEF-1.1 host insertion site and capsid packing.  Two 15bp identical nucleotide attachment 
sites were identified flanking the induced phage genome. The external boundaries of phiEF1.1 
were inspected using the inverted/tandem duplicated attachment sites. A BLASTn query of these 
DNA regions resulted in the identification the forward flanking regions and attachment site 
within/adjacent to a widely conserved arginine tRNA including matching 100% to a 
Lactobacillus acidipiscis strain (Fig. 4.2). 
To identify if the induced viral genome was circular or linear, in silico analyses reveal 
different fragment patterns relating to ApaI and SacII restriction enzyme digests of purified 
phiEF-1.1 vDNA. Upon experimental enzyme digestion, the resultant agarose gel fragment 
patterns analysis matched the cos circular in silico digestion (Fig. 4.3). 
 
Fig 4.2 PhiEF-1.1 attachment site insertion into L. murinus EF-1. 
 
PHASTER predicted attachment sites of phiEF-1.1 derived from induced lysate sequencing and 
alignment to L. murinus EF-1. Genomic regions external to identified attachment sites were 
subjected to a BLASTn database search. The forward flanking DNA region and part of 
attachment site B comprised 100% nucleotide similarity to an arginine tRNA. PhiEF-1.1 attB 





Fig 4.3 Physical structure of phiEF-1.1 genome. 
 
(A) and (B) are an in silico digestion and electrophoresis of ApaI and SacII with circular (A) and 
linear (B) phiEF-1.1 viral chromosomes generated by Snap Genes software. (C) 1hour enzyme 
digestion of 127ng of phiEF-1.1 DNA with same enzyme used in left and middle panels. 
Enzymes tests are above each lane. MW=1kbp molecular weight marker (New England Biolabs). 
UC= uncut viral DNA. 
 
PhiEF-1.1 annotation and overall genome organization. Submission of the induced vDNA to 
the PHASTER annotation pipeline confirmed a 39,130 Kbp dsDNA prophage with 58 putative 
proteins and a 39.43% G + C content (Fig. 4.4a). PHASTER compared the 58 CDS to its phage 
database and identified 96 phages that had at least one amino acid sequence that matched above 
the minimal threshold (Arndt et al., 2016) (Appendix C Tables C.1and C.2). Of the 96 phages, 55 
were attributed to LAB with 32 of these attributed to Lactobacillus specifically. The three phages 
with similarity to the greatest number of phiEF1.1 proteins were the Lactobacilli prophages 
phig1e, LL-H and phiJB (data not shown). 24 of the 96 phage genomes were the best matches to 
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the 38 of 58 presumed coding regions of phiEF-1.1 that comprised 86.5% of the total presumed 
translated DNA (Fig. 4.4b and Appendix C Table C.2). 31 of the 38 associated phage CDS were 
attributed to LAB phages and 26 CDS credited specifically to Lactobacillus phages (Fig. 4.4c). 
The remaining 20 hypothetical regions identified by PHASTER produced no e-value and 
previous recognized similarity within the NCBI BLAST or PHASTER viral database (Fig. 
4.4a/b/c). No tRNA coding regions were identified within the phage genome. 
Genome organization of proteins have been associated with Lactobacillus phages 
(Desiere et al., 2002). PhiEF-1.1 structural (13%) and packaging (20%) coding regions 
comprised almost 33% of the translated coding regions (Fig. 4.4a/b). The replication and 
regulation coding regions (5%), followed by integration (3%) and lysis (4%) coding regions 
comprised the remaining translated DNA of phiEF-1.1. 46% of the total coding regions where 
identified as either a non-characterized phage protein (33%), or shared no similarity to known 
phages in the database (13%) (Fig. 4.4b). No tail fiber proteins were identified within the 
genome, which was consistent with the TEM images. 
  
 43 
Fig 4.4 PhiEF-1.1 genome characteristics and organization. 
 
(A) Coding regions of phi-EF1.1. The outer most ring are the PHASTER identified CDS. Colors 
of CDS correspond to PHASTER identified putative function in (B). The inner ring is the 
nucleotide position. (B) PHASTER derived individual CDS characterizations based on 
nucleotide size. nsh is no shared homology. Unknown phage hypothetical proteins were 
attributed by PHASTER to another viral coding region. (C) Percent count of the 96 PHASTER 
matched amino acid viral coding regions with similarity to phiEF-1.1 CDS. PHASTER 
identification was based on internal viral database amino acid similarity to e-value search criteria 
conducted on 3/1/17. 24 of the 96 viral species with sequence similarity were attributed to 
annotation of (A) A detailed list of phiEF-1.1 CDS descriptions is located in Appendix C Table 
C.2. 
 
PhiEF-1.1 CDS percent amino acid similarity to 104 viral coding regions. The heatmap of 
CDS percent identity of viral coding regions to phiEF-1.1 CDS shows several putative coding 
regions are not present or in low identity in all 104 viral coding regions (Fig. 4.5). The median 
percent similarity amino acid coverage for all no zero return results was 33 with a range of 0 to 
72. Of the 58 phiEF-1.1 coding regions, 1, 4 and 51 had an amino acid similarity to 52 or greater 
of the 104 viral CDS, with the CDS4, an unknown identified putative coding region having the 
most recurring matched similarity with 67 viral genomes. As noted above, 14 CDS’s had no 
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identified function and had no matches to any of the other 104 viral genomes. Moreover, none of 
these CDS encoded predicted Pfam domains (Appendix C Fig. C.1). CDS 16, 55, 56 and 57 were 
also identified functional genes only attributed to LAB associated phages searched. CDS 8 had 
no identified function, but was also only found in LAB phages. 
Pfam analysis confirmed that the presence of protein domains were widely associated 
with identified BLASTp percent similarities. 46 Pfam domains were identified within 26 CDS of 
phiEF-1.1 and matched to the 104 phage coding regions. The majority of the Pfams were 
associated with percent identified sequences identified in Fig. 4.5. Phage attributed Pfams were 
identified in 13 phiEF-1.1 CDSs (Fig. 4.6). A complete list of all Pfam identified regions in 
phiEF-1.1 and corresponding matches to 104 viral genomes is found in Appendix C Table C.3 
and Fig. C.4. 
  
 45 
Fig 4.5 PhiEF-1.1 CDS percent similarity heatmap of 104 BLASTp viral CDS queries. 
 
 
104 viral CDS were subject to BLASTp search for percent identity to phiEF-1.1 coding regions. 
Resultant percentages of viral CDS that had an e-value above 10E-3 were plotted against phiEF-
1.1 CDS. The legend below corresponds color to degree of similarity. Green is 100% CDS 
identity per amino acid alignment and blue 0%. Viruses are grouped according to corresponding 




Fig 4.6 Viral Pfam analyses of phiEF-1.1 coding regions across 104 phage genomes. 
 
Essential Pfams associated with phage protein domains as described in the EMBL-EBI Pfam 
database are listed on the top of each column relating to a single CDS of phiEF-1.1 and 
compared to 104 viral genomes. Multiple Pfams were identified for some phiEF-1.1 CDS, shown 
as the same CDS. The first column of a CDS region is the BLASTp percent identity search found 
in Fig. 4.5. A full phage description is located in Appendix Table C.1. 
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Identification of CDS 54 as putative moron. The identification of CDS 54 as a 
glycerophosphoryl diesterphosphodiesterase is a unique viral protein to phiEF-1.1 (Fig. 4.4a). 
The protein class falls into a wider GDSL family of serine esterases/lipases that cleave glycerine 
backbones from triacyl lipids (Akoh et al., 2004). The PHASTER identified CDS is attributed to 
a Lactobacillus delbrueckii phage, phiLdb, which was isolated from milk (Casey et al., 2014). 
This protein is not commonly associated with LAB phage function (Desiere et al., 2002). 
BLASTp analysis of CDS 54 across our 104 phage database resulted in matches from eight 
classified phages, attributed to only LAB, whose percent similarities ranged from 29%-40% (Fig. 
4.5 and Appendix Table C.1). Seven were isolated from dairy (six Lactobacillus delbrueckii, one 
Streptococcus thermophilus) and one Lactobacillus johnsonii phage was isolated from the human 
gut. Further Pfam analysis revealed PhiEF-1.1 putative glycerophosphoryl 
diesterphosphodiesterase does not share similarity with characterized GDSL Pfam domain 
PF03009 (Kim and Farrand, 1997). It is currently unknown whether the annotation is correct or 
even if this protein has any function within phiEF-1.1.  
Identification and comparisons of putative phages in other L. murinus isolates. PHASTER 
identified 3 candidate complete prophage genomes in EF.1: phiEF-1.1, 6,1 and 6,2. In addition, 5 
phage islands were identified in EF-1 resulting in a total of 190 phage CDS in EF-1. PHASTER 
identified no candidate complete prophages in the other sequenced L. murinus strains ASF361 or 
DSM20452.  However, 7 phage islands were identified in ASF361 (63 phage CDS total) whereas 
no phage islands could be identified in DSM20452 (Table 4.1). Five ASF361 coding regions 
share percent nucleotide similarity with phiEF-1.1 CDS (Table 4.2). CDS 14, a hypothetical 
protein of phiEF-1.1, had the highest present match identity to EF-1, specifically to phage island 
3 (93%).  Another phiEF-1.1 hypothetical protein, CDS 56 was identified in both EF-1 (islands 6 
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and 7) and ASF 361 (island 7) and designated a transposase in ASF361. Of the three L. murinus 
strains, only a single CRISPR repeat was identified in EF-1 (data not shown).  
 
Table 4.1 L. murinus strains PHASTER and CRISPRfinder analyses. 


















EF-1a NZ_MPSN00000000.1 1 scaffold 1 151196-158148 7 1 
  2 scaffold 2 12348-20937 8  
  3 scaffold 3 381876-401620 27  
  4 scaffold 5 97951-109167 12  
  5 scaffold 5 122518-131671 10  
  6 scaffold 6 238-26393 34  
  7 scaffold 6 228243-253437 28  
  8b scaffold 7 70615-115017 60  
ASF361 NZ_AQFS00000000.1 1 scaffold 4 85821-85834 9 0 
  2 scaffold 5 120443-129993 11  
  3 scaffold 6 1916-10121 7  
  4 scaffold 6 36476-47721 11  
  5 scaffold 6 84507-91430 7  
  6 scaffold 7 15692-22644 7  
  7 scaffold 9 23815-35547 11  
DSM20452 NZ_AYYN00000000.1 0   0 0 
Three L. murinus strain phage like coding regions were identified through PHASTER software. 
PHASTER CDS corresponds to all identified phage attributed coding regions. Phage CDS 
islands were designated if 1+ phage regions were identified. aResults of PHASTER analysis 
previous published (Fritz and Miller, 2017). bPhage island 8 was later identified as phiEF-1.1. 
Genomes of the three L. murinus strains were submitted to CRISPRfinder to identify putative 







Table 4.2 PHASTER curated BLASTp homology assessment of 3 L. murinus strains. 
























1 integrase 3 integrase 27.7 
   














   7 antirepressor 
 
  4 
integrase core 
domain 31.0 
14 hypothetical 3 hypothetical 93.4 
   15 hypothetical 3 hypothetical 91.0 
   19 hypothetical 3 hypothetical 85.1 
   20 hypothetical protein 3 dnaA analog 39.4 
   28 GP51 3 hypothetical 79.0  
29 hypothetical 3 hypothetical 46.8    
30 hypothetical protein 3 hypothetical 81.2    
33 hypothetical 5.2 DegV domain 45.5    
34 hypothetical protein 6.1 
transcription 
regulator 66.9    
  6.2 ArpU-like protein 30.7    




23.5   
 





6.2 tape measure 26.0    
53 hypothetical protein 5.1 
putative 
endolysin 23.9 7 
ribonucleotide 
reductase 16.5 
  6.2 putative endolysin 24.0    
55 hypothetical protein 6.1 
hypothetical 
protein 62.3    
  6.2 hypothetical protein 65.6    
56 hypothetical protein 6.1 
hypothetical 
protein 54.2 9 transposase 55.6 
  6.2 hypothetical protein 59.7    
57 holin 6.1 holin 70.2    




Table 4.2 cont. 
























58 endolysin 1 peptidoglycanbinding LysM 41.5 5 endolysin 27.3 
 
 5.1 endolysin 27.8 7 
peptidoglycan 
binding LysM  41.5 
  
6.1 endolysin 69.8 
   
  
6.2 endolysin 27.6 
   Three L. murinus strain phage like coding regions were identified through PHASTER software 
and subject to BLASTp search for homology to phiEF-1.1 coding regions. Resultant identity 
percentages of viral CDS had an e-value above 10E-3. Position is designated in reference to draft 
genome scaffold. If multiple phage islands were identified on the same scaffold designation was 
#.1, #.2, ect. 
 
4.5 Discussion 
Prophages are important drivers of bacterial strain diversity. Despite the risk of occasional 
induction and cell lysis, prophage can contribute to the competitive abilities of microbes in 
complex communities (Mills et al., 2013). This study sought to identify and evaluate induced 
prophages from murinus GIT isolate L. murinus EF-1. 
PhiEF-1.1 showed several phenotypic and genetic traits of known prophages. The MMC 
induction method used to induce EF-1 is also used to induce prophages from other Lactobacillus 
species (Baugher et al., 2014; Ventura et al., 2006). Filtered and concentrated phiEF-1.1 induced 
lysate provided evidence through TEM micrographs of a viral like particle present in the lysate. 
The physical dimensions and descriptions matched previously isolated Lactobacillus 
Siphoviridae phages (Villion and Moineau, 2009). The tail length variation could be caused by 
shearing during phage particle purification or phenotypic variation of one phage (Davidson et al., 
1990). It is unlikely the existence of separate induced prophages because of the low mapped 
DNA read coverage to EF-1 outside the region attributed to phiEF-1.1 in the lysate. There was 
significant sequence coverage corresponding to phiEF-1.1. Lactobacillus species are known to 
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harbor multiple phage within their chromosome (Auad et al., 1997; Ventura et al., 2004). 
Changing the environmental conditions or curing of an inducible EF-1 phage could lead to 
different phage expressions within the L. murinus strain. PhiEF-1.1 prophage genome size, 
CDS , G + C %, DNA packing methods and attachment sites are comparable to other LAB and 
Lactobacillus phages (Baugher et al., 2014; Ventura et al., 2002; Villion and Moineau, 2009). 
The discrepancy concerning the initial PHASTER in silco genome size and induce phage 
genome highlight the limitations of computational primary screening tools and exhibit the 
necessity for experimental validation. 
The coding region similarity of phiEF-1.1 to PHASTER and Lactobacillus attributed 
phage coding regions highlight the adaptations phage and prophage use to establish niches with 
in environment. 45 of the 58 CDS PHASTER showed a median percent identity of 33% to at 
least one CDS of the 104 databased phages. Coding region similarity was shown to correspond to 
Pfam domains. This suggests percent identity regions, while divergent, does have conserved 
functional regions (Bobay et al., 2013). Induction curve analysis and TEM micrographs 
confirmed evidence of an inducible prophage. It is unknown whether the lack of robust viral 
database information, unique CDS of phiEF-1.1, or a combination of the two validate divergent 
coding regions. Further investigations highlighting protein translation and function will provide 
insights in phiEF-1.1 coding regions. Differences in CDS functionality would point to 
advantages of establishing GIT niches. 
Morons have been identified as an advantageous source for genetic diversity and niche 
development (Cumby et al., 2012). Identification of CDS 54 as a glycerophosphoryl 
diesterphosphodiesterase that was only associated with dairy LAB from our database hints at a 
possible niche development advantage for L. murinus (Fig. 4.6). In a dairy environment, a host 
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encoding a prophage with this gene would potentially have the advantage to cleave 
phospholipids present in milk. The identification of other LAB specific CDS suggests other 
morons may also be present which contribute to lysogenic Lactobacillus prevalence in native and 
industrial environments (Kelly et al., 2012; Mater et al., 2005; Selle and Klaenhammer, 2013). 
Lack of similarity to known Pfam protein domains within glycerophosphoryl 
diesterphosphodiesterase suggests diminished functionality of the CDS 54. Lack of similarity 
may also be due to annotation error, phage coding sequence decay or recombination. Further 
work characterizing lipid profiles in the rat GIT and the L. murinus transcriptional profiles and 
functionality of CDS 54 will help address the potential role this moron has in GIT niche 
development and persistence in rats. 
To date, only three draft L. murinus genomes are publically available and no previous 
studies have identified lysogenic strains. Of the PHASTER identified prophage CDS of the three 
strains, only five matched CDS of phiEF-1.1 to strain ASF361 and none to DSM 20452 CDS. 
This result suggests little shared viral amino acid similarity exists amongst known L. murinus 
strains. The abundance of questionable or incomplete identified phage coding regions in L. 
murinus ASF361 could be misidentified host coding regions, cryptic prophages (Wang et al., 
2010), or a prophage that is dispersed across a host chromosome (Duerkop et al., 2012). The lack 
of an intact prophage suggests that ASF361 is currently non-lysogenic, but further confirmation 
is needed. 
EF-1 internal phage CDS divergence could be predictive of other prophage present or an 
indicator of mobile elements found both in phage and bacterial genomes (Bobay et al., 2013). 
After one prophage is cured or removed from a bacterial host, other phages may induce under 
similar conditions (Baugher et al., 2014). It is also interesting to note that no CRISPR array was 
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identified in the three L. murinus strains. While this result may be due to lack of CRISPR 
database information, it has been shown that lysogenic Lactobacillus can also harbor CRISPRs 
(Guinane et al., 2011). LAB may also have preference for one viral defense system over another 
(Sun et al., 2015). Understanding what external phage defenses strains ASF361 and DSM20452 
use, along with further work classifying induced prophage within L. murinus strain EF-1 may 
provide answers to L. murinus niche development in the murine GIT. 
 
4.6 Conclusion 
We identified and characterized a novel prophage of L. murinus EF-1, phiEF-1.1. Overall, it 
exhibits limited genetic and phenotypic similarities to other LAB derived phages. Understanding 
the genomics of inducible prophages has begun to provide mechanisms for identifying factors 
that may contribute to advantageous niche development within mammalian GITs for L. murinus 
and other Lactobacillus species. 
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CHAPTER 5  
FUTURE DIRECTIONS 
 
Genomic characterization has led to the identification of a punitive glycerophosphoryl 
diesterphosphodiesterase present within prophage phiEF-1.1. Conducting transcriptomics 
analyses of L. murinus EF-1 prior to, during induction, and with supplementation of triacyl lipids 
would help answer if this protein were transcribed. Transcriptomics of the above conditions 
would also address what phage proteins are present in non-induced and induced conditions. 
Follow up studies correlating translated proteins to corresponding amino acid profiles can help 
confirm punitive functional EF-1.1 proteins and possible identify previous hypothetical proteins. 
Obtaining a cured L. murinus EF-1 strain would enable comparison of transcriptomics to validate 
prophage interaction within the host and microbial community. 
 Once it is known what proteins are synthesized during certain conditions, generating gene 
knockouts of identified induced proteins would further address prophage functionality within 
niche development. Gene knockouts of a confirmed induced glycerophosphoryl 
diesterphosphodiesterase protein would help address the added function this protein in in vitro 
models. It would be hypothesized that this gene would provide the host added function. 
Investigating the glycerol metabolomics pathways within L. murinus and the rat GIT microbial 
metagenome may reveal niche specialization. 
 To understanding the role L. murinus EF-1.1 has in GIT niche development, first 
acknowledging its presence in rat and other mammalian GIT environments is essential. 
Identifying biomarkers of EF-1.1 within other murid and mammalian metagenomes would 
provide evidence of its prevalence and impact. Additional metagenomic studies that identify and 
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track the relative abundances both of L. murinus EF-1 and prophage EF-1.1 in a cohort of rats 
would indicate colonization and persistence over many rat generations. 
 Finally, studies that address the impact lysogeny has on GIT niche development will be 
critical. The L. murinus EF-1 strain would enable an in vitro study with a known intestinal 
microbial community in controlled environmental conditions. Using simplified conditions and a 
known microbiota would help verify if niche development is achieved. The next study would be 
a gnotobiotic in vivo study designed into two cohorts with the cured and native L. murinus EF-1 
with the same microbiota. The study’s results would begin to address if lysogeny impacts niche 
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MITOMYOCIN C INDUCTION CURVES OF RAT ISOLATES 
 
Table A.1 Rat fecal and cecal isolate relative OD MMC induction curve results. 
(A) 
Rat 1 F/C MMC concentration (ng/ml) COMMENTS 
 
0 100 200 500 800 1000 
 RF1.1 N N N N N N DOSE RESPONSE 
RF1.2 N N N N N N DOSE RESPONSE 
RF1.3 N N N Y ? N PROPHAGE 
RF1.4 N N N N N N DOSE RESPONSE 
RF1.5 ? ? N N N N PROPHAGE? 
RF1.6 N N N Y Y N PROPHAGE 
RF1.7 N N Y Y N N PROPHAGE 
RF1.8 N N N ? Y N PROPHAGE 
RF1.9 N N N ? ? N PROPHAGE? 
RF1.10 N N ? Y N Y PROPHAGE? 
RF1.11 N N ? Y Y Y PROPHAGE 
RF1.12 N N N ? Y N PROPHAGE 
RF1.13 N N N N N N DOSE RESPONSE 
RF1.14 N N N Y ? N PROPHAGE 
RF1.15 N N ? Y N N PROPHAGE 
RC1.1 N N N N N N NO RESPONSE 
RC1.2 N N N N N N NO RESPONSE 
RC1.3 N N N N N N NO RESPONSE 
RC1.4 N N N N N N NO RESPONSE 
RC1.5 N N N N N N NO RESPONSE 
RC1.6 N N N N N N NO RESPONSE 
RC1.7 N N N Y Y N PROPHAGE 
RC1.8 N N N Y Y Y PROPHAGE 
RC1.9 N N ? Y N N PROPHAGE 
RC1.10 N N N Y Y Y PROPHAGE 
RC1.11 N N N N N N NO RESPONSE 
RC1.12 N N N N N N NO RESPONSE 
RC1.13 N N N N N N NO RESPONSE 
RC1.14 N N N N N N DOSE RESPONSE 





Table A.1 cont. 
(B) 
Rat 2 F/C MMC concentration (ng/ml) COMMENTS 
 
0 100 200 500 800 1000 
 RF2.1 N N N N N N DOSE RESPONSE 
RF2.2 N N N ? N N PROPHAGE? 
RF2.3 N N ? N N N DOSE RESPONSE 
RF2.4 N N N ? ? ? DOSE RESPONSE 
RF2.5 N N N N N N DOSE RESPONSE 
RF2.6 N N N N N N DOSE RESPONSE 
RF2.7 N N Y N N N PROPHAGE? 
RF2.8 N N Y Y N N PROPHAGE? 
RF2.9 N N Y N N N PROPHAGE? 
RF2.10 N N Y Y Y N PROPHAGE? 
RF2.11 N N N N N N DOSE RESPONSE 
RF2.12 N N N N N N DOSE RESPONSE 
RF2.13 N N N N N N DOSE RESPONSE 
RF2.14 N ? Y Y N N PROPHAGE? 
RF2.15 N N ? N N N PROPHAGE? 
RC2.1 N N N N N N NO REPONSE 
RC2.2 N N N N N N NO REPONSE 
RC2.3 N N N N N N NO REPONSE 
RC2.4 N N N N N N NO REPONSE 
RC2.5 N N N N N N NO REPONSE 
RC2.6 N N N N N N NO REPONSE 
RC2.7 N N N N N N NO REPONSE 
RC2.8 N N N N N N NO REPONSE 
RC2.9 N N N N N N NO REPONSE 
RC2.10 N N N N N N NO REPONSE 
RC2.11 N N Y N N N PROPHAGE? 
RC2.12 N N Y Y N N PROPHAGE? 
RC2.13 N N N N N N NO REPONSE 
RC2.14 N N N N N N NO REPONSE 





Table A.1 cont. 
(C) 
Rat 3 F/C MMC concentration (ng/ml) COMMENTS 
 
0 100 200 500 800 1000 
 RF3.1 N N N ? Y N PROPHAGE 
RF3.2 N N N Y ? N PROPHAGE 
RF3.3 N N N Y N N PROPHAGE 
RF3.4 N N N Y ? N PROPHAGE 
RF3.5 N N N Y Y N PROPHAGE 
RF3.6 N N N Y N N PROPHAGE 
RF3.7 N N N ? N N PROPHAGE? 
RF3.8 N N N Y N Y PROPHAGE? 
RF3.9 N N N Y Y N PROPHAGE? 
RF3.10 N N N Y Y N PROPHAGE? 
RF3.11 N N N ? Y N PROPHAGE? 
RF3.12 N N N N N N DOSE RESPONSE 
RF3.13 N N N Y N N PROPHAGE? 
RF3.14 N N N Y N Y PROPHAGE? 
RF3.15 N N N Y Y N PROPHAGE? 
RC3.1 N N ? Y ? N PROPHAGE? 
RC3.2 N N N Y ? N PROPHAGE? 
RC3.3 N N N Y Y N PROPHAGE? 
RC3.4 N N Y N N N DOSE RESPONSE? 
RC3.5 N N N Y ? ? PROPHAGE 
RC3.6 N N N N ? N PROPHAGE? 
RC3.7 N N N N N N DOSE RESPONSE 
RC3.8 N N N ? N N PROPHAGE? 
RC3.9 N N N N Y Y PROPHAGE 
RC3.10 N N N N N N DOSE RESPONSE 
RC3.11 N N N N ? ? PROPHAGE? 
RC3.12 N N N ? Y Y PROPHAGE 
RC3.13 N N ? ? ? N PROPHAGE? 
RC3.14 N N N Y Y N PROPHAGE 





Table A.1 cont. 
(D) 
Rat 4 F/C MMC concentration (ng/ml) COMMENTS 
 
0 100 200 500 800 1000 
 RF4.1 N N Y Y ? N PROPHAGE 
RF4.2 N Y Y ? N N PROPHAGE 
RF4.3 N N N N N N DOSE RESPONSE 
RF4.4 N N N N N N DOSE RESPONSE 
RF4.5 N N N ? Y N PROPHAGE? 
RF4.6 N N N Y N N PROPHAGE 
RF4.7 N N N N N N DOSE RESPONSE 
RF4.8 N N N N N N DOSE RESPONSE 
RF4.9 N N Y ? N N PROPHAGE 
RF4.10 N N Y Y Y Y PROPHAGE** 
RF4.11 N N N Y N N PROPHAGE 
RF4.12 N N N Y Y N PROPHAGE 
RF4.13 N N N N N N DOSE RESPONSE 
RF4.14 N N ? Y N N PROPHAGE 
RF4.15 N N N N N N DOSE RESPONSE 
RC4.1 N N N Y Y N PROPHAGE 
RC4.2 N N N N N N DOSE RESPONSE 
RC4.3 N N N N N N NO RESPONSE 
RC4.4 N N N N N N NO RESPONSE 
RC4.5 N N N ? Y N PROPHAGE? 
RC4.6 N N N ? Y N PROPHAGE? 
RC4.7 N N N N N N DOSE RESPONSE 
RC4.8 N N N N Y N PROPHAGE? 
RC4.9 N N N Y N N PROPHAGE? 
RC4.10 N N N ? N N PROPHAGE? 
RC4.11 N N N N N N DOSE RESPONSE 
RC4.12 N N N ? N N PROPHAGE? 
RC4.13 N N N N N N NO RESPONSE 
RC4.14 N N N Y Y Y PROPHAGE** 





Table A.1 cont. 
(E) 
Rat 5 F/C MMC concentration (ng/ml) COMMENTS 
 
0 100 200 500 800 1000 
 RF5.1 N N N N Y ? PROPHAGE 
RF5.2 N N N N Y Y PROPHAGE 
RF5.3 N N N N N N DOSE RESPONSE 
RF5.4 N N N ? Y Y PROPHAGE 
RF5.5 N N N N N N DOSE RESPONSE 
RF5.6 N N N N Y Y PROPHAGE 
RF5.7 N N N N ? N ? PROPHAGE 
RF5.8 N N N N Y N PROPHAGE 
RF5.9 N N Y Y ? N PROPHAGE 
RF5.10 N N N N ? N ? PROPHAGE 
RF5.11 N N N Y ? N PROPHAGE 
RF5.12 N N N Y Y Y PROPHAGE 
RF5.13 N N N Y Y N PROPHAGE 
RF5.14 N N N Y N N PROPHAGE 
RF5.15 N N N N Y Y PROPHAGE 
RC5.1 N N N N N N NO RESPONSE 
RC5.2 N N N N N N NO RESPONSE 
RC5.3 N N N N Y Y PROPHAGE 
RC5.4 N N N N Y Y PROPHAGE 
RC5.5 N N N N N N DOSE RESPONSE 
RC5.6 N N N Y ? N PROPHAGE 
RC5.7 N N N N N N DOSE RESPONSE 
RC5.8 N N N N N Y DOSE RESPONSE 
RC5.9 N N N N Y N PROPHAGE 
RC5.10 N N N Y N N PROPHAGE 
RC5.11 N N N Y Y N PROPHAGE 
RC5.12 N N N N Y Y PROPHAGE 
RC5.13 N N N Y Y N PROPHAGE 
RC5.14 N N Y Y Y N PROPHAGE 





Table A.1 cont. 
(F) 
Rat 6 F/C MMC concentration (ng/ml) COMMENTS 
 
0 100 200 500 800 1000 
 RF6.1 N ? N N N N ? PROPHAGE 
RF6.2 N ? N N N N ? PROPHAGE 
RF6.3 N ? N N N N ? PROPHAGE 
RF6.4 N ? N N N N ? PROPHAGE 
RF6.5 N ? N N N N ? PROPHAGE 
RF6.6 N ? N N N N ? PROPHAGE 
RF6.7 N ? N ? N N ? PROPHAGE 
RF6.8 N ? N Y ? N PROPHAGE 
RF6.9 N ? N Y ? N PROPHAGE 
RF6.10 N ? N Y ? N PROPHAGE 
RF6.11 N ? N Y ? N PROPHAGE 
RF6.12 N ? N N Y Y PROPHAGE 
RF6.13 N ? N Y N N PROPHAGE 
RF6.14 N ? N N N N DOSE RESPONSE 
RF6.15 N ? N N N N DOSE RESPONSE 
RC6.1 N ? N N N N NO RESPONSE 
RC6.2 N ? N N N N DOSE RESPONSE 
RC6.3 N ? N Y N N PROPHAGE 
RC6.4 N ? N N N N ? PROPHAGE 
RC6.5 N ? N N Y N PROPHAGE 
RC6.6 N ? N N Y Y PROPHAGE 
RC6.7 N ? N Y N N PROPHAGE 
RC6.8 N ? N N N N ? PROPHAGE 
RC6.9 N ? N N Y Y PROPHAGE 
RC6.10 N ? N Y Y Y PROPHAGE 
RC6.11 N ? N N Y Y PROPHAGE 
RC6.12 N ? N N N N DOSE RESPONSE 
RC6.13 N ? N Y N N PROPHAGE 
RC6.14 N ? N Y N ? PROPHAGE 





Table A.1 cont. 
(G) 
Rat 7 F/C MMC concentration (ng/ml) COMMENTS 
 
0 100 200 500 800 1000 
 RF7.1 N N N ? Y N PROPHAGE 
RF7.2 N N ? Y Y N PROPHAGE 
RF7.3 N N Y Y Y N PROPHAGE 
RF7.4 N N Y N Y Y PROPHAGE 
RF7.5 N N Y Y N N PROPHAGE 
RF7.6 N N N Y Y N PROPHAGE 
RF7.7 N N N ? N N ? PROPHAGE 
RF7.8 N N Y Y N N PROPHAGE 
RF7.9 N N N Y N N PROPHAGE 
RF7.10 N N N N N Y PROPHAGE 
RF7.11 N N N Y N Y PROPHAGE 
RF7.12 N N N N N Y PROPHAGE 
RF7.13 N N Y Y N N PROPHAGE 
RF7.14 N N ? Y N N PROPHAGE 
RF7.15 N N N Y Y N PROPHAGE 
RC7.1 N N N N Y N PROPHAGE 
RC7.2 N N N N Y N PROPHAGE 
RC7.3 N N N N Y N PROPHAGE 
RC7.4 N N N Y Y Y PROPHAGE 
RC7.5 N N N Y N N PROPHAGE 
RC7.6 N N N N N N NO RESPONSE 
RC7.7 N N N N ? N NO RESPONSE 
RC7.8 N N N Y N N PROPHAGE 
RC7.9 N N N Y N N PROPHAGE 
RC7.10 N N N Y N N PROPHAGE 
RC7.11 N N N Y N N PROPHAGE 
RC7.12 N N N Y Y N PROPHAGE 
RC7.13 N N N Y N N PROPHAGE 
RC7.14 N N N N N N NO RESPONSE 





Table A.1 cont. 
(H) 
Rat 8 F/C MMC concentration (ng/ml) COMMENTS 
 
0 100 200 500 800 1000 
 RF8.1 N N N N N N DOSE RESPONSE 
RF8.2 N N N N ? N ? PROPHAGE 
RF8.3 ? N N ? N N ? PROPHAGE 
RF8.4 N N N N N N NO RESPONSE 
RF8.5 N N N ? Y Y PROPHAGE 
RF8.6 N N N ? ? N ? PROPHAGE 
RF8.7 N N N N ? Y PROPHAGE 
RF8.8 N N N N N N DOSE RESPONSE 
RF8.9 N N N N N Y PROPHAGE 
RF8.10 N N N N N N NO RESPONSE 
RF8.11 N N N ? N ? ? PROPHAGE 
RF8.12 N N N N Y Y PROPHAGE 
RF8.13 N N N Y Y N PROPHAGE 
RF8.14 N N N N N N DOSE RESPONSE 
RF8.15 N N N N N N DOSE RESPONSE 
RC8.1 N N N Y N N PROPHAGE 
RC8.2 N N N N N N DOSE RESPONSE 
RC8.3 N N N N ? N ? PROPHAGE 
RC8.4 N N N N N N DOSE RESPONSE 
RC8.5 N N N N N N DOSE RESPONSE 
RC8.6 N N N N N N DOSE RESPONSE 
RC8.7 N N N N N N DOSE RESPONSE 
RC8.8 N N N N N N DOSE RESPONSE 
RC8.9 N N N N N N DOSE RESPONSE 
RC8.10 N N N N N N DOSE RESPONSE 
RC8.11 N N N ? N N ? PROPHAGE 
RC8.12 N N N N N N DOSE RESPONSE 
RC8.13 N N N N N N DOSE RESPONSE 
RC8.14 N N N N N N DOSE RESPONSE 
RC8.15 N N Y ? N N PROPHAGE 
A-H represent eight different rat fecal and cecal sample MMC inductions of isolated bacillus 
colonies. Samples were individually induced with 6 concentrations of MMC and OD readings 
taken in 30 minute intervals for 22 hours. Red color/N indicates no induction, yellow/? 
indeterminate and green/Y positive for induction of each corresponding MMC concentration. 
Comments in the far right column show conclusion of induction. Dose response indicates 
dependent MMC OD reduction to isolate signifying no prophage induction. ? PROPHAGE 




L. MURINUS EF-1 SEQUENCING & BIOINFORMATIC INFORMATION 
Table B.1 Sanger trimmed sequences of 16s rRNA gene. 
Reads were visually curated from chromatographs provided by the Keck sequencing center. 
 
Table B.2 Nucleotide distribution from Mi-Seq Illumina sequencing. 
Nucleotide Count Frequency 
Adenine (A) 689,665 29.9% 
Cytosine (C) 455,051 19.7% 
Guanine (G) 459,776 19.9% 
Thymine (T) 677,142 29.3% 
Any nucleotide (N) 26,384 1.1% 
 

































Table B.3 Assembly summary statistics. 
 Count Average length Total bases Percentage of reads 
Reads  16,645,712  202.65  3,373,279,022 100 
Matched  16,554,859  202.56  3,353,273,180 99.45 
Not matched  90,853  220.2  20,005,842 0.65 
Contigs  18  128,223  2,308,018  
Reads in pairs  6,953,658  3,613.56  41.77 
Broken paired 
reads 
9,601,201 242.16  57.67 
 
Table B.4 Scaffold measurements. 
Attribute Count 
N75  238,095 
N50  309,081 
N25  323,298 
Minimum  1,528 
Maximum  401,887 
Average  128,223 
Contig count 47 





Table B.5 Summary of scaffold characteristics. 
Scaffold Consensus length (bp) Average 
depth 
Total read count Prodigal 
ORFs 
1 311,058 334 864,234 261 
2 309,081 376 985,347 301 
3 401,887 356 932,329 405 
4 22,698 478 81,853 19 
5 323,298 434 1,178,764 285 
6 253,491 253 476,096 257 
7 238,095 329 579,108 249 
8 1,787 503 7,062 1 
9 1,528 280 3,671 2 
10 127,130 497 477,010 112 
11 32,083 472 114,704 36 
12 5,790 1617 71,006 1 
13 83,202 349 223,257 65 
14 61,123 287 129,298 59 
15 28,314 278 60,950 21 
16 38,157 421 122,684 27 
17 25,337 352 68,206 21 
18 43,959 295 98,507 64 
Sum 2,308,018  6,474,086 2197 
 
Fig B.1 Paired reads distance distribution. 
 
Peak around 250bp denotes paired-end reads. Peak around 3500bp denotes mate-pair libraries.  
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1_1 2 1369 39.9 456 TTG AGGAGG 5-10bp 
1_2 1517 1756 27.5 80 ATG GGA/GAG/AGG 11-12bp 
1_3 2131 3324 43.6 398 GTG GGxGG 5-10bp 
1_4 5682 8699 98.7 1006 GTG None None 
1_5 9260 9652 41.5 131 ATG GGAG/GAGG 5-10bp 
1_6 9665 10237 39.4 191 ATG AGGA 5-10bp 
1_7 10380 11387 42 336 ATG GGAG/GAGG 5-10bp 
1_8 11535 12176 40.5 214 ATG None None 
1_9 12203 12850 36.1 216 ATG None None 
1_10 12838 13608 38.7 257 ATG 3Base/5BMM 13-15bp 
1_11 13625 14206 38.8 194 TTG AGxAGG/AGGxGG 5-10bp 
1_12 14568 15941 41.7 458 ATG AGGAG 5-10bp 
1_13 16092 17102 40.6 337 ATG GGA/GAG/AGG 5-10bp 
1_14 17177 17458 39.7 94 ATG None None 
1_15 17455 17955 40.3 167 TTG AGxAGG/AGGxGG 5-10bp 
1_16 17894 18148 39.2 85 GTG GGA/GAG/AGG 5-10bp 
1_17 18153 18593 37.9 147 ATG None None 
1_18 18590 18892 38.3 101 ATG AGGAGG 5-10bp 
1_19 18889 19914 37.6 342 TTG GGA/GAG/AGG 5-10bp 
1_20 19883 20857 41.1 325 ATG AGGAGG 5-10bp 
1_21 20966 21892 42.9 309 ATG GGAGG 5-10bp 
1_22 22059 22790 42.2 244 ATG GGAG/GAGG 5-10bp 
1_23 22873 23385 39.2 171 ATG GGA/GAG/AGG 5-10bp 
1_24 23440 24447 42.5 336 ATG GGAG/GAGG 5-10bp 
1_25 24657 25757 42.3 367 ATG AGGA 5-10bp 
1_26 25809 26282 38.6 158 ATG AGGAG 5-10bp 
1_27 26303 26719 37.6 139 ATG GGAGG 5-10bp 
1_28 26888 27799 40.2 304 TTG AGGA 5-10bp 
1_29 27844 28284 41 147 TTG AGxAG 5-10bp 
1_30 28531 29268 44.3 246 ATG AGGAGG 5-10bp 
1_31 29340 30044 36.3 235 ATG AGxAGG/AGGxGG 5-10bp 
1_32 30090 31442 42.1 451 ATG 4Base/6BMM 13-15bp 
1_33 31649 32509 42.2 287 ATG GGAG/GAGG 5-10bp 
1_34 32907 35051 38.2 715 GTG AGGA/GGAG/GAGG 11-12bp 
1_35 35835 36824 42.1 330 ATG AGGAGG 5-10bp 
1_36 36821 37717 42.4 299 ATG AGGAG 5-10bp 
1_37 37714 38463 42.3 250 ATG AGGAG 5-10bp 
1_38 38585 38929 41.2 115 ATG AGGAG 5-10bp 
1_39 39033 39659 40.5 209 ATG AGxAGG/AGGxGG 5-10bp 
1_40 39820 40329 36.9 170 ATG AGGA 5-10bp 
1_41 40378 41244 41.8 289 ATG AGGAGG 5-10bp 
1_42 41378 42043 39.9 222 ATG AGGAGG 5-10bp 
1_43 42063 42824 39.2 254 ATG GGAG/GAGG 5-10bp 
1_44 42838 43647 40.6 270 ATG GGAG/GAGG 5-10bp 
1_45 43663 44550 43.7 296 ATG AGGA/GGAG/GAGG 11-12bp 
1_46 44554 45471 44.2 306 ATG GGAG/GAGG 5-10bp 
1_47 45458 46351 41.6 298 ATG AGGAG 5-10bp 
1_48 46506 48326 40.1 607 ATG GGA/GAG/AGG 5-10bp 
1_49 48310 50742 40.1 811 ATG GGAGG 5-10bp 
1_50 50788 52221 40.8 478 GTG GGxGG 5-10bp 
1_51 52221 53357 41 379 ATG GGA/GAG/AGG 5-10bp 
1_52 53362 54504 40.2 381 ATG 3Base/5BMM 13-15bp 
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1_54 56824 57132 37.2 103 ATG GGAG/GAGG 5-10bp 
1_55 57779 59137 43.2 453 ATG GGAG/GAGG 5-10bp 
1_56 59169 60317 41.3 383 TTG AGxAGG/AGGxGG 5-10bp 
1_57 60314 61159 43.7 282 ATG AGxAGG/AGGxGG 5-10bp 
1_58 61332 62012 43.6 227 ATG GGA/GAG/AGG 5-10bp 
1_59 62113 63024 44.2 304 ATG GGA/GAG/AGG 5-10bp 
1_60 63141 63902 39.1 254 ATG GGAG/GAGG 5-10bp 
1_61 63932 64471 38.7 180 ATG AGGA 5-10bp 
1_62 64619 65083 41.1 155 ATG GGA/GAG/AGG 5-10bp 
1_63 65073 66050 44.3 326 ATG AGGAGG 5-10bp 
1_64 66051 66755 42.6 235 TTG GGAG/GAGG 5-10bp 
1_65 66893 67762 42.1 290 ATG AGxAGG/AGGxGG 11-12bp 
1_66 67798 68310 44.1 171 GTG GGAG/GAGG 5-10bp 
1_67 68685 69878 31.3 398 ATG GGxGG 5-10bp 
1_68 69997 70236 27.5 80 ATG GGAG/GAGG 5-10bp 
1_69 70303 71952 41.1 550 ATG GGA/GAG/AGG 3-4bp 
1_70 72111 72272 43.2 54 ATG GGAG/GAGG 5-10bp 
1_71 72257 74389 41.2 711 ATG GGAG/GAGG 5-10bp 
1_72 74386 74865 40.4 160 ATG GGxGG 5-10bp 
1_73 74991 76019 42 343 ATG AGGAG(G)/GGAGG 13-15bp 
1_74 77232 80615 98.8 1128 TTG AGxAG 3-4bp 
1_75 81128 83191 37.5 688 ATG GGAGG 5-10bp 
1_76 83300 83533 38.9 78 ATG AGGAG 5-10bp 
1_77 83665 84684 38.4 340 ATG GGA/GAG/AGG 5-10bp 
1_78 84684 85706 41.1 341 ATG AGGAG 5-10bp 
1_79 85720 86901 39.8 394 GTG AGGAGG 5-10bp 
1_80 87092 88813 42.6 574 ATG AGGA/GGAG/GAGG 11-12bp 
1_81 88813 89079 39.3 89 ATG AGGAG/GGAGG 11-12bp 
1_82 89274 89462 32.8 63 ATG AGxAGG/AGGxGG 5-10bp 
1_83 89615 91777 44.8 721 ATG GGA/GAG/AGG 11-12bp 
1_84 91929 92204 34.8 92 ATG GGAGG 5-10bp 
1_85 92351 93502 42.5 384 TTG GGAGG 5-10bp 
1_86 93595 95172 42 526 ATG GGAG/GAGG 5-10bp 
1_87 95281 97227 99.3 649 GTG 3Base/5BMM 13-15bp 
1_88 97256 98512 41.4 419 ATG GGA/GAG/AGG 5-10bp 
1_89 98540 99979 40.8 480 ATG GGA/GAG/AGG 5-10bp 
1_90 100222 100659 35.6 146 TTG AGxAG 5-10bp 
1_91 100709 101737 42.3 343 ATG GGA/GAG/AGG 5-10bp 
1_92 101819 102943 40.5 375 ATG AGGA 5-10bp 
1_93 103040 103585 40.8 182 ATG AGxAGG/AGGxGG 5-10bp 
1_94 103710 105101 41.8 464 GTG AGGA 5-10bp 
1_95 105188 105985 39.8 266 ATG GGAG/GAGG 5-10bp 
1_96 106022 106942 40 307 ATG GGAG/GAGG 5-10bp 
1_97 106953 107471 41.8 173 ATG GGAGG 5-10bp 
1_98 107531 108403 41.1 291 ATG GGAG/GAGG 5-10bp 
1_99 108587 109378 44.8 264 ATG GGA/GAG/AGG 11-12bp 
1_100 109538 109990 41.7 151 ATG AGxAGG/AGGxGG 5-10bp 
1_101 110031 112898 39 956 TTG GGAG/GAGG 5-10bp 
1_102 112976 114118 42.2 381 GTG AGGA 5-10bp 
1_103 114247 115482 44.3 412 ATG AGGAGG 5-10bp 
1_104 115528 115758 45 77 ATG GGAGG 5-10bp 
1_105 115841 116023 35.5 61 ATG GGAG/GAGG 5-10bp 
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1_107 117472 118179 37.6 236 ATG GGA/GAG/AGG 5-10bp 
1_108 118468 119001 36.1 178 ATG AGxAGG/AGGxGG 5-10bp 
1_109 119136 120470 43.1 445 ATG AGxAGG/AGGxGG 5-10bp 
1_110 120845 121222 38.4 126 ATG GGAGG 5-10bp 
1_111 121280 122203 38.3 308 ATG GGAGG 5-10bp 
1_112 122272 123111 41.4 280 GTG GGxGG 5-10bp 
1_113 123228 123725 40.4 166 ATG AGGAG 5-10bp 
1_114 123742 124803 40.4 354 ATG AGGA 5-10bp 
1_115 124808 125065 37.2 86 ATG GGAGG 5-10bp 
1_116 125621 127108 44.4 496 ATG AGGAG 5-10bp 
1_117 127231 130077 40.4 949 ATG GGAG/GAGG 5-10bp 
1_118 130074 130475 44.3 134 ATG GGAG/GAGG 5-10bp 
1_119 130565 131905 41.7 447 ATG GGAG/GAGG 5-10bp 
1_120 132069 132887 37.7 273 ATG GGAGG 5-10bp 
1_121 132929 133615 43.5 229 ATG GGA/GAG/AGG 5-10bp 
1_122 133608 134648 42.2 347 ATG AGxAG 5-10bp 
1_123 135176 135658 41 161 ATG GGA/GAG/AGG 5-10bp 
1_124 135736 137163 42.1 476 ATG AGGA 5-10bp 
1_125 137284 137952 40.7 223 ATG AGGA/GGAG/GAGG 11-12bp 
1_126 138037 138771 40.7 245 ATG AGGA/GGAG/GAGG 11-12bp 
1_127 138846 140390 40.8 515 ATG 3Base/5BMM 13-15bp 
1_128 140536 140676 42.6 47 ATG GGAGG 5-10bp 
1_129 140962 143616 43.8 885 TTG AGGAGG 5-10bp 
1_130 143832 147575 41.3 1248 ATG AGGAGG 5-10bp 
1_131 147575 151108 39.8 1178 ATG GGA/GAG/AGG 5-10bp 
1_132 151196 152167 43.1 324 ATG GGAGG 5-10bp 
1_133 152246 153421 42.2 392 ATG GGAGG 5-10bp 
1_134 153661 154251 44.5 197 ATG AGGAG 5-10bp 
1_135 154420 154650 35.9 77 ATG AGxAGG/AGGxGG 11-12bp 
1_136 154647 155021 39.7 125 ATG AGxAG 11-12bp 
1_137 155011 157182 41.8 724 TTG 4Base/6BMM 13-15bp 
1_138 157198 158148 39.2 317 ATG GGAG/GAGG 5-10bp 
1_139 158666 161251 39.4 862 ATG AGxAGG/AGGxGG 5-10bp 
1_140 161387 162181 37 265 ATG None None 
1_141 162268 162954 35.2 229 ATG AGxAGG/AGGxGG 5-10bp 
1_142 163024 163977 43.5 318 ATG GGAG/GAGG 5-10bp 
1_143 164047 164892 44.8 282 ATG GGAG/GAGG 5-10bp 
1_144 165065 165430 41.3 122 ATG GGAGG 5-10bp 
1_145 165495 165998 41.9 168 TTG AGGAGG 5-10bp 
1_146 166271 166963 41.8 231 ATG AGGAGG 5-10bp 
1_147 167066 167491 42.5 142 GTG AGGAGG 5-10bp 
1_148 167638 168516 43 293 ATG GGAG/GAGG 5-10bp 
1_149 168571 169122 40.4 184 ATG AGGAG 5-10bp 
1_150 169245 169412 38.1 56 ATG AGGAG/GGAGG 11-12bp 
1_151 169434 169583 40.7 50 ATG AGGAG 5-10bp 
1_152 169643 170308 40.1 222 ATG 4Base/6BMM 13-15bp 
1_153 170327 171025 37.3 233 ATG GGxGG 5-10bp 
1_154 171018 172379 39.3 454 ATG AGGA 5-10bp 
1_155 172623 182120 47.5 3166 ATG AGGAG(G)/GGAGG 13-15bp 
1_156 182391 183578 36.7 396 ATG AGGA/GGAG/GAGG 11-12bp 
1_157 183650 184156 41.6 169 TTG AGxAG 5-10bp 
1_158 184174 184914 44.4 247 ATG GGAGG 5-10bp 
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1_160 185311 186720 41.6 470 ATG AGxAGG/AGGxGG 5-10bp 
1_161 186966 188456 41.6 497 TTG GGAG/GAGG 5-10bp 
1_162 188545 189654 40.4 370 ATG GGA/GAG/AGG 11-12bp 
1_163 189673 191043 46.2 457 ATG AGxAGG/AGGxGG 5-10bp 
1_164 191120 191656 41 179 ATG None None 
1_165 191847 192080 38 78 ATG GGA/GAG/AGG 5-10bp 
1_166 192105 192791 45.1 229 ATG GGA/GAG/AGG 5-10bp 
1_167 192928 194262 41.3 445 GTG AGxAGG/AGGxGG 5-10bp 
1_168 194310 194981 43.9 224 ATG 4Base/6BMM 13-15bp 
1_169 195079 196449 46.1 457 ATG GGAGG 5-10bp 
1_170 196678 197805 43.2 376 ATG AGGAG 5-10bp 
1_171 198032 199270 39.5 413 ATG AGGA/GGAG/GAGG 11-12bp 
1_172 199439 200419 45.6 327 ATG GGAG/GAGG 5-10bp 
1_173 200688 201131 43.5 148 ATG None None 
1_174 201124 203307 44.1 728 GTG GGAG/GAGG 5-10bp 
1_175 203435 205210 43.8 592 TTG AGxAGG/AGGxGG 5-10bp 
1_176 205319 206146 44 276 ATG AGxAGG/AGGxGG 5-10bp 
1_177 206161 207630 42 490 ATG GGAG/GAGG 5-10bp 
1_178 207776 208510 40.8 245 ATG GGAG/GAGG 5-10bp 
1_179 208652 209644 42.3 331 ATG AGGAGG 5-10bp 
1_180 209644 210198 42.2 185 ATG GGAGG 5-10bp 
1_181 210248 210946 45.8 233 ATG AGxAGG/AGGxGG 5-10bp 
1_182 210971 212107 40.8 379 ATG None None 
1_183 212182 212982 44.1 267 ATG AGxAGG/AGGxGG 5-10bp 
1_184 213402 214871 41.4 490 ATG GGAGG 5-10bp 
1_185 215570 218707 99 1046 TTG AGxAG 3-4bp 
1_186 219421 220917 41.7 499 ATG GGAG/GAGG 5-10bp 
1_187 221021 222016 45.5 332 ATG AGGA/GGAG/GAGG 11-12bp 
1_188 222087 222974 40.7 296 ATG GGA/GAG/AGG 5-10bp 
1_189 223088 225208 44.8 707 ATG AGGAGG 5-10bp 
1_190 225288 225830 40.9 181 ATG GGAG/GAGG 5-10bp 
1_191 225823 227193 41 457 ATG GGAG/GAGG 5-10bp 
1_192 227253 227753 41.3 167 ATG AGGAGG 11-12bp 
1_193 227833 228240 37.7 136 ATG GGAG/GAGG 5-10bp 
1_194 228319 228588 36.7 90 ATG GGAG/GAGG 5-10bp 
1_195 228585 230174 42.9 530 ATG AGGAG 5-10bp 
1_196 230164 233703 43.4 1180 ATG AGGA 5-10bp 
1_197 233717 234283 43 189 ATG 3Base/5BMM 13-15bp 
1_198 234560 235522 42.9 321 GTG AGGA 5-10bp 
1_199 235620 235835 41.2 72 ATG AGxAGG/AGGxGG 5-10bp 
1_200 235992 236627 40.6 212 ATG AGGAG 5-10bp 
1_201 236752 237312 42.4 187 TTG AGGA 5-10bp 
1_202 237315 238478 42.4 388 ATG None None 
1_203 238489 238941 41.7 151 ATG AGxAG 5-10bp 
1_204 239087 239932 45.9 282 ATG AGGA 5-10bp 
1_205 239966 240511 40.1 182 ATG GGA/GAG/AGG 5-10bp 
1_206 240632 241423 42.3 264 ATG AGGA 5-10bp 
1_207 241479 241754 42.4 92 ATG GGAG/GAGG 5-10bp 
1_208 241871 242818 39.5 316 ATG AGxAGG/AGGxGG 5-10bp 
1_209 242837 243289 44.4 151 ATG AGGA 5-10bp 
1_210 243304 244044 46.3 247 ATG AGxAGG/AGGxGG 5-10bp 
1_211 244258 248886 43.5 1543 ATG AGGA 5-10bp 
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1_213 253691 255277 40.7 529 ATG GGAGG 5-10bp 
1_214 255368 255796 46.9 143 ATG AGGAGG 5-10bp 
1_215 255895 256533 41.5 213 ATG GGAGG 5-10bp 
1_216 257201 257809 93.8 203 ATG None None 
1_217 257856 258353 41.6 166 ATG GGAG/GAGG 5-10bp 
1_218 258379 259641 40.2 421 GTG GGA/GAG/AGG 5-10bp 
1_219 259852 260955 39.2 368 ATG AGxAGG/AGGxGG 5-10bp 
1_220 261042 262190 47 383 ATG AGxAGG/AGGxGG 5-10bp 
1_221 262206 263372 45.3 389 TTG GGAG/GAGG 5-10bp 
1_222 263385 263783 43.1 133 ATG AGGA 5-10bp 
1_223 263852 264679 44.8 276 ATG AGxAGG/AGGxGG 5-10bp 
1_224 264666 265559 45.7 298 ATG GGA/GAG/AGG 5-10bp 
1_225 265566 266048 42.7 161 ATG AGGAGG 5-10bp 
1_226 266045 267841 43.5 599 ATG GGAG/GAGG 5-10bp 
1_227 268143 268862 43.2 240 ATG AGxAGG/AGGxGG 11-12bp 
1_228 268869 269576 42.9 236 ATG 4Base/6BMM 13-15bp 
1_229 269684 270667 44.3 328 ATG AGGA 5-10bp 
1_230 270749 271519 37.2 257 GTG GGA/GAG/AGG 5-10bp 
1_231 271548 274238 42.9 897 ATG GGAGG 5-10bp 
1_232 274635 275918 42.9 428 ATG GGA/GAG/AGG 5-10bp 
1_233 276044 276238 39.5 65 ATG GGAG/GAGG 5-10bp 
1_234 276254 278485 46.3 744 ATG GGAG/GAGG 5-10bp 
1_235 278559 278981 39.2 141 ATG AGxAGG/AGGxGG 11-12bp 
1_236 278997 279803 41.9 269 ATG GGA/GAG/AGG 5-10bp 
1_237 279973 280425 43.9 151 ATG AGGA 5-10bp 
1_238 280437 280952 40.9 172 ATG AGGAGG 5-10bp 
1_239 281141 281491 38.5 117 ATG GGA/GAG/AGG 11-12bp 
1_240 281580 282410 41.6 277 ATG None None 
1_241 282631 289020 39.8 2130 TTG AGGAG(G)/GGAGG 13-15bp 
1_242 289366 289767 39.8 134 ATG GGAGG 5-10bp 
1_243 290012 291016 41.8 335 ATG GGA/GAG/AGG 5-10bp 
1_244 291182 293098 44.5 639 ATG AGxAGG/AGGxGG 5-10bp 
1_245 293381 295300 43.2 640 ATG GGAGG 5-10bp 
1_246 295496 296215 41.8 240 ATG AGGA 5-10bp 
1_247 296225 297886 43.3 554 ATG AGGAG 5-10bp 
1_248 298048 298413 44.3 122 ATG GGAG/GAGG 5-10bp 
1_249 298450 299271 44 274 ATG AGGAG 5-10bp 
1_250 299271 300683 44 471 ATG None None 
1_251 300676 301851 46 392 ATG AGGA 5-10bp 
1_252 301886 303169 41.9 428 ATG AGGA/GGAG/GAGG 11-12bp 
1_253 303489 303668 40.6 60 ATG GGA/GAG/AGG 5-10bp 
1_254 303714 304640 45 309 ATG GGAGG 5-10bp 
1_255 304659 304973 39.7 105 ATG GGAG/GAGG 5-10bp 
1_256 305065 305700 41.4 212 ATG GGAG/GAGG 5-10bp 
1_257 305985 307352 42.3 456 ATG GGxGG 5-10bp 
1_258 307531 308547 43.4 339 ATG None None 
1_259 308602 309348 41.2 249 ATG AGxAGG/AGGxGG 5-10bp 
1_260 309438 309653 36.6 72 ATG AGGA 5-10bp 
1_261 309672 309938 36 89 ATG AGxAG 5-10bp 
2_1 2 679 46.8 226 ATG 3Base/5BMM 13-15bp 
2_2 777 8054 50.1 2426 ATG GGAGG 5-10bp 
2_3 8283 9794 42.4 504 TTG AGGAGG 5-10bp 
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2_5 11440 12336 44.1 299 ATG GGAG/GAGG 5-10bp 
2_6 12348 12905 36.6 186 ATG AGGAGG 5-10bp 
2_7 13175 13609 42.5 145 ATG GGAG/GAGG 5-10bp 
2_8 13769 13906 46.4 46 ATG GGAG/GAGG 5-10bp 
2_9 14199 15392 42.4 398 ATG AGGA 5-10bp 
2_10 15392 16228 41.3 279 ATG GGAG/GAGG 5-10bp 
2_11 16240 17142 41.4 301 ATG AGGAGG 5-10bp 
2_12 17363 19204 43.7 614 GTG GGAG/GAGG 5-10bp 
2_13 19204 20937 41.9 578 ATG AGGA/GGAG/GAGG 11-12bp 
2_14 21174 21947 39.5 258 ATG AGxAGG/AGGxGG 5-10bp 
2_15 21971 22495 41.1 175 ATG 4Base/6BMM 13-15bp 
2_16 22461 24206 41.1 582 GTG GGAG/GAGG 5-10bp 
2_17 24357 25748 45.6 464 GTG None None 
2_18 26007 26450 39 148 ATG AGxAGG/AGGxGG 5-10bp 
2_19 26669 27193 37.7 175 ATG AGGA 5-10bp 
2_20 27365 27808 44.1 148 ATG AGGA 5-10bp 
2_21 27907 28353 42.1 149 ATG GGA/GAG/AGG 5-10bp 
2_22 28518 29366 41.7 283 ATG AGGA/GGAG/GAGG 11-12bp 
2_23 29616 30227 44.3 204 ATG AGGAG 5-10bp 
2_24 30258 31433 40.7 392 ATG GGxGG 5-10bp 
2_25 31517 33712 40 732 ATG AGxAGG/AGGxGG 5-10bp 
2_26 33845 34144 38.3 100 ATG GGxGG 5-10bp 
2_27 34208 36289 40.7 694 ATG AGGA 5-10bp 
2_28 36397 36948 41.5 184 ATG AGGAGG 5-10bp 
2_29 37002 37664 42.2 221 TTG GGA/GAG/AGG 5-10bp 
2_30 37791 38930 44 380 ATG AGGAGG 5-10bp 
2_31 38931 39863 43.9 311 ATG AGxAGG/AGGxGG 5-10bp 
2_32 40178 40663 42.8 162 TTG AGGAGG 5-10bp 
2_33 40740 42854 43.4 705 ATG AGxAGG/AGGxGG 5-10bp 
2_34 43056 44510 39.9 485 TTG AGGAG 5-10bp 
2_35 44556 45548 45.1 331 ATG AGGA/GGAG/GAGG 11-12bp 
2_36 45624 46247 37 208 ATG GGA/GAG/AGG 5-10bp 
2_37 46336 47433 39.2 366 ATG GGAGG 5-10bp 
2_38 47433 48113 39.8 227 GTG GGA/GAG/AGG 5-10bp 
2_39 48110 49033 42.4 308 GTG AGGAG 5-10bp 
2_40 49301 50638 47.5 446 ATG GGAG/GAGG 5-10bp 
2_41 50713 51876 42.4 388 ATG AGGA/GGAG/GAGG 11-12bp 
2_42 52012 52938 41.1 309 ATG AGxAGG/AGGxGG 5-10bp 
2_43 53039 54403 42.4 455 ATG AGGAGG 5-10bp 
2_44 54454 54936 45.1 161 ATG AGxAGG/AGGxGG 5-10bp 
2_45 55024 56451 41.9 476 ATG GGA/GAG/AGG 5-10bp 
2_46 56568 57254 41.2 229 ATG AGxAGG/AGGxGG 5-10bp 
2_47 58298 58552 40.4 85 ATG AGGAG 5-10bp 
2_48 58942 61101 30.9 720 ATG AGGAG 5-10bp 
2_49 61261 62043 33 261 ATG AGxAGG/AGGxGG 5-10bp 
2_50 62057 63334 29 426 ATG AGxAGG/AGGxGG 5-10bp 
2_51 63705 63911 48.8 69 ATG AGGAGG 5-10bp 
2_52 63922 64113 42.2 64 ATG AGGA 5-10bp 
2_53 64505 65092 32.1 196 ATG None None 
2_54 65235 65627 45 131 TTG AGGAGG 5-10bp 
2_55 65641 66084 43 148 GTG GGAGG 5-10bp 
2_56 66236 66988 43.4 251 ATG GGAG/GAGG 5-10bp 








Start           End 








2_58 67785 68657 43.4 291 ATG GGxGG 5-10bp 
2_59 68633 69472 44.4 280 ATG GGxGG 5-10bp 
2_60 69601 70134 45.3 178 ATG GGAG/GAGG 5-10bp 
2_61 70179 70820 43 214 ATG GGAG/GAGG 5-10bp 
2_62 70838 72166 42 443 ATG GGA/GAG/AGG 5-10bp 
2_63 72913 73296 44.3 128 ATG GGAGG 5-10bp 
2_64 73324 74268 39.7 315 ATG 3Base/5BMM 13-15bp 
2_65 74354 74740 46 129 ATG AGGAGG 11-12bp 
2_66 74774 75139 44.3 122 ATG AGGAGG 5-10bp 
2_67 75165 75278 37.7 38 ATG AGGAGG 5-10bp 
2_68 75313 75531 40.2 73 GTG AGGAGG 5-10bp 
2_69 75749 76408 40.6 220 ATG AGGAG 5-10bp 
2_70 76646 77938 40.5 431 ATG AGGA/GGAG/GAGG 11-12bp 
2_71 77942 78376 42.3 145 ATG AGGAGG 11-12bp 
2_72 78412 78594 44.3 61 ATG AGGAGG 5-10bp 
2_73 78611 79111 46.1 167 ATG AGGAGG 11-12bp 
2_74 79133 79489 45.7 119 GTG GGAG/GAGG 5-10bp 
2_75 79536 80072 41.9 179 GTG AGGAGG 5-10bp 
2_76 80104 80502 40.1 133 ATG AGGAGG 5-10bp 
2_77 80732 81274 40.3 181 ATG AGGAGG 11-12bp 
2_78 81299 81520 38.3 74 ATG AGGAGG 11-12bp 
2_79 81556 81924 44.4 123 GTG AGGAGG 5-10bp 
2_80 81989 82255 35.6 89 ATG AGGAGG 5-10bp 
2_81 82282 82476 35.4 65 ATG AGxAGG/AGGxGG 5-10bp 
2_82 82466 82897 45.1 144 ATG AGGAGG 5-10bp 
2_83 82901 83557 43.2 219 GTG AGGAGG 5-10bp 
2_84 83571 83918 42 116 ATG GGAGG 5-10bp 
2_85 83935 84216 42.2 94 TTG AGGAGG 5-10bp 
2_86 84270 85103 43.5 278 GTG AGGAGG 5-10bp 
2_87 85135 85422 36.5 96 ATG AGGAGG 5-10bp 
2_88 85422 86045 43.8 208 ATG GGAGG 5-10bp 
2_89 86071 86694 43.4 208 ATG GGAGG 5-10bp 
2_90 86736 87044 38.2 103 ATG GGAGG 5-10bp 
2_91 87343 87891 40.8 183 ATG GGAG/GAGG 5-10bp 
2_92 88107 88967 39 287 ATG AGxAGG/AGGxGG 5-10bp 
2_93 89034 91124 43.4 697 ATG AGGAG/GGAGG 11-12bp 
2_94 91228 91698 42.9 157 ATG AGGAGG 5-10bp 
2_95 91767 92180 43 138 ATG AGGAGG 11-12bp 
2_96 92467 93144 38.9 226 ATG AGGAGG 5-10bp 
2_97 93242 94159 44.7 306 ATG GGAG/GAGG 5-10bp 
2_98 94218 97889 44.4 1224 TTG GGAGG 5-10bp 
2_99 97931 101539 43.8 1203 TTG GGAG/GAGG 5-10bp 
2_100 101887 102579 41 231 ATG AGGA 5-10bp 
2_101 102593 103039 47.4 149 ATG AGGAGG 5-10bp 
2_102 103888 104055 31.5 56 ATG GGA/GAG/AGG 5-10bp 
2_103 104045 104680 35.5 212 ATG AGGAG 5-10bp 
2_104 104693 105205 35.3 171 ATG GGAGG 5-10bp 
2_105 105186 106823 31.4 546 ATG GGAG/GAGG 5-10bp 
2_106 106897 107127 46.8 77 ATG AGGAGG 5-10bp 
2_107 107323 107880 38.9 186 ATG AGGA/GGAG/GAGG 11-12bp 
2_108 107931 108350 42.9 140 ATG GGxGG 5-10bp 
2_109 108675 109163 38.4 163 ATG GGAGG 5-10bp 
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2_111 111070 111441 42.5 124 ATG AGGAG 5-10bp 
2_112 111687 111863 31.6 59 ATG AGGAGG 5-10bp 
2_113 112850 113185 29.5 112 ATG None None 
2_114 113588 113677 27.8 30 ATG AGxAGG/AGGxGG 5-10bp 
2_115 114063 114269 35.3 69 ATG GGAGG 5-10bp 
2_116 114309 115394 32.5 362 ATG AGGA 5-10bp 
2_117 115391 116500 30.4 370 ATG GGAG/GAGG 5-10bp 
2_118 116490 116945 33.8 152 ATG AGxAGG/AGGxGG 5-10bp 
2_119 117007 117198 36.5 64 ATG GGAGG 5-10bp 
2_120 118671 120899 36.8 743 ATG GGAGG 5-10bp 
2_121 121100 121255 34 52 ATG AGGA 5-10bp 
2_122 121348 121755 44.4 136 ATG GGA/GAG/AGG 5-10bp 
2_123 121849 122373 36.2 175 ATG GGAG/GAGG 5-10bp 
2_124 122562 122855 38.1 98 ATG GGAG/GAGG 5-10bp 
2_125 123001 123336 40.8 112 ATG GGA/GAG/AGG 11-12bp 
2_126 123354 124052 38.1 233 ATG GGAG/GAGG 5-10bp 
2_127 124064 124819 40.6 252 ATG AGxAGG/AGGxGG 11-12bp 
2_128 124825 125343 37.2 173 ATG GGAG/GAGG 5-10bp 
2_129 125355 125876 40.6 174 ATG GGA/GAG/AGG 5-10bp 
2_130 125890 126729 40 280 ATG GGAG/GAGG 5-10bp 
2_131 127115 128578 43 488 ATG GGAGG 5-10bp 
2_132 128776 131256 45.5 827 ATG AGxAGG/AGGxGG 5-10bp 
2_133 131275 131745 43.3 157 ATG GGAG/GAGG 5-10bp 
2_134 131947 134658 35.9 904 ATG AGGAGG 5-10bp 
2_135 134741 135502 33.7 254 ATG None None 
2_136 135483 136925 34.6 481 ATG GGA/GAG/AGG 5-10bp 
2_137 136927 137520 37.4 198 ATG AGxAGG/AGGxGG 11-12bp 
2_138 137721 138161 42.2 147 ATG AGxAGG/AGGxGG 5-10bp 
2_139 138433 139146 44.8 238 ATG AGxAGG/AGGxGG 5-10bp 
2_140 139244 139900 44.6 219 ATG GGA/GAG/AGG 11-12bp 
2_141 139934 140308 96.3 125 ATG GGA/GAG/AGG 5-10bp 
2_142 140504 140974 41 157 ATG GGxGG 5-10bp 
2_143 141055 141258 32.8 68 GTG GGAG/GAGG 5-10bp 
2_144 141526 143343 41.9 606 ATG GGAG/GAGG 5-10bp 
2_145 143474 145528 40.1 685 GTG GGA/GAG/AGG 5-10bp 
2_146 145649 146797 42.1 383 ATG GGAG/GAGG 5-10bp 
2_147 146800 147240 41 147 ATG AGGAGG 5-10bp 
2_148 147253 149013 44.5 587 ATG AGGAGG 5-10bp 
2_149 149174 149608 43.2 145 TTG 3Base/5BMM 13-15bp 
2_150 149831 150304 39.9 158 ATG None None 
2_151 150597 151280 36.4 228 ATG GGA/GAG/AGG 5-10bp 
2_152 151376 151699 28.1 108 ATG GGAGG 5-10bp 
2_153 151699 151971 39.9 91 ATG AGGAGG 5-10bp 
2_154 152408 152686 33.3 93 ATG AGGAG 5-10bp 
2_155 152767 153813 46.4 349 ATG GGA/GAG/AGG 5-10bp 
2_156 153910 154170 35.6 87 GTG GGA/GAG/AGG 5-10bp 
2_157 154230 154724 31.3 165 ATG AGGAG 5-10bp 
2_158 155067 155444 36.2 126 ATG AGxAG 5-10bp 
2_159 155441 155662 31.1 74 ATG AGGA 5-10bp 
2_160 155782 156171 36.7 130 ATG GGAGG 5-10bp 
2_161 156331 156675 38.3 115 ATG AGGAG(G)/GGAGG 13-15bp 
2_162 156942 157169 38.6 76 GTG None None 








Start           End 








2_164 158125 158919 37 265 ATG None None 
2_165 159006 159692 35.2 229 ATG AGxAGG/AGGxGG 5-10bp 
2_166 159831 160535 32.1 235 ATG None None 
2_167 160532 161146 35.4 205 ATG AGxAGG/AGGxGG 5-10bp 
2_168 161324 162010 43.1 229 ATG GGAG/GAGG 5-10bp 
2_169 162093 163283 42.4 397 ATG GGAG/GAGG 5-10bp 
2_170 163276 164334 41.4 353 ATG GGA/GAG/AGG 5-10bp 
2_171 164452 165489 43.2 346 ATG GGAGG 5-10bp 
2_172 165811 166116 42.5 102 ATG AGGAGG 5-10bp 
2_173 166305 167300 44.2 332 ATG GGAGG 5-10bp 
2_174 167465 168202 40 246 GTG None None 
2_175 168387 168953 44.4 189 ATG AGxAGG/AGGxGG 5-10bp 
2_176 168953 170353 43.9 467 ATG GGA/GAG/AGG 5-10bp 
2_177 170350 171015 42.3 222 TTG AGxAGG/AGGxGG 5-10bp 
2_178 171199 172446 44.9 416 ATG GGA/GAG/AGG 5-10bp 
2_179 172561 174933 43.8 791 ATG AGGAG 5-10bp 
2_180 175033 175617 45 195 ATG GGxGG 5-10bp 
2_181 175628 176527 42.7 300 ATG AGxAGG/AGGxGG 5-10bp 
2_182 176647 178557 44.1 637 ATG AGxAGG/AGGxGG 5-10bp 
2_183 178554 178928 40.3 125 ATG GGAG/GAGG 5-10bp 
2_184 179037 179777 45.5 247 ATG 3Base/5BMM 13-15bp 
2_185 179771 180493 42.9 241 ATG GGxGG 5-10bp 
2_186 180493 181458 40.6 322 GTG GGAG/GAGG 5-10bp 
2_187 181701 183308 41.3 536 ATG GGA/GAG/AGG 5-10bp 
2_188 183568 184278 41.8 237 ATG AGGAG 5-10bp 
2_189 184546 185418 41.1 291 ATG GGA/GAG/AGG 5-10bp 
2_190 185418 186758 45.9 447 ATG AGxAGG/AGGxGG 5-10bp 
2_191 187030 187557 40.9 176 ATG GGA/GAG/AGG 5-10bp 
2_192 187551 188537 44.3 329 ATG GGAG/GAGG 5-10bp 
2_193 188670 189665 47.2 332 ATG GGA/GAG/AGG 5-10bp 
2_194 189679 190269 47.4 197 ATG AGGAGG 5-10bp 
2_195 190266 190643 43.4 126 ATG GGAGG 5-10bp 
2_196 190645 191352 46.5 236 ATG AGGAG 5-10bp 
2_197 191430 192920 46.1 497 ATG AGGAGG 5-10bp 
2_198 192944 194521 45.8 526 ATG GGAG/GAGG 5-10bp 
2_199 194559 194972 35.5 138 ATG AGxAGG/AGGxGG 5-10bp 
2_200 194985 195212 38.2 76 ATG AGxAGG/AGGxGG 5-10bp 
2_201 195185 195721 37.4 179 ATG AGGAGG 5-10bp 
2_202 195891 196967 40.9 359 ATG AGGAG 5-10bp 
2_203 197070 198494 41.8 475 ATG AGGAG 5-10bp 
2_204 198509 199219 44.2 237 ATG AGGAG 5-10bp 
2_205 199232 200830 43.7 533 ATG GGAGG 5-10bp 
2_206 200805 202241 43.8 479 ATG AGGAG 5-10bp 
2_207 202401 203798 43.2 466 ATG GGAG/GAGG 5-10bp 
2_209 205760 206602 39.1 281 ATG AGxAGG/AGGxGG 5-10bp 
2_210 206866 207582 42 239 GTG GGAG/GAGG 5-10bp 
2_211 208290 209330 39.2 347 TTG AGxAGG/AGGxGG 5-10bp 
2_212 209406 209603 36.9 66 ATG GGAGG 5-10bp 
2_213 209758 210417 44.8 220 GTG AGGAG 5-10bp 
2_214 210567 211097 46.1 177 ATG GGA/GAG/AGG 11-12bp 
2_215 211358 212578 39.7 407 ATG AGGA 5-10bp 
2_216 212575 212886 39.7 104 ATG GGAG/GAGG 5-10bp 
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2_218 213692 213841 37.3 50 ATG AGxAGG/AGGxGG 5-10bp 
2_219 214093 214503 38.9 137 ATG AGxAGG/AGGxGG 5-10bp 
2_220 214841 215182 43.9 114 ATG AGGAGG 5-10bp 
2_221 215182 215547 42.9 122 ATG GGAG/GAGG 5-10bp 
2_222 215544 216908 41.5 455 ATG GGAGG 5-10bp 
2_223 216889 217383 34.7 165 ATG AGGAG 5-10bp 
2_224 217370 217513 40.3 48 GTG None None 
2_225 217586 218071 36.2 162 ATG GGAGG 5-10bp 
2_226 218236 219054 44 273 ATG GGA/GAG/AGG 5-10bp 
2_227 219092 219385 34.7 98 ATG AGGAGG 5-10bp 
2_228 219450 221441 43.1 664 ATG GGA/GAG/AGG 5-10bp 
2_229 221447 222091 39.8 215 ATG AGxAGG/AGGxGG 5-10bp 
2_230 222094 223455 43 454 ATG AGGAG 5-10bp 
2_231 223470 223769 38.3 100 ATG AGGAG 5-10bp 
2_232 223769 224221 39.5 151 ATG AGGA/GGAG/GAGG 11-12bp 
2_233 224236 226134 37 633 ATG AGGAG 5-10bp 
2_234 226590 226961 40.1 124 ATG AGGAG 5-10bp 
2_235 226980 227897 41.4 306 ATG AGGA 5-10bp 
2_236 227933 228742 47.9 270 ATG GGAGG 5-10bp 
2_237 228760 229752 43.3 331 ATG AGGAG 5-10bp 
2_238 230047 231006 39.3 320 ATG AGGAG/GGAGG 11-12bp 
2_239 231008 232303 40.9 432 ATG GGxGG 5-10bp 
2_240 232317 232973 40.2 219 ATG GGAG/GAGG 5-10bp 
2_241 232984 234276 40.1 431 ATG GGAG/GAGG 5-10bp 
2_242 234521 235216 40.8 232 ATG AGxAGG/AGGxGG 5-10bp 
2_243 235277 236806 39 510 ATG GGAGG 5-10bp 
2_244 237158 237295 31.9 46 ATG GGA/GAG/AGG 5-10bp 
2_245 237431 237742 39.1 104 GTG GGA/GAG/AGG 5-10bp 
2_246 237690 237962 28.2 91 ATG AGxAGG/AGGxGG 5-10bp 
2_247 237974 238498 31.8 175 ATG AGGAG 5-10bp 
2_248 238778 239626 39.2 283 ATG GGxGG 5-10bp 
2_249 239685 241634 44.5 650 ATG AGGA 5-10bp 
2_250 241650 242543 43.1 298 ATG GGAGG 5-10bp 
2_251 242518 243597 40.2 360 GTG AGGAG 5-10bp 
2_252 243811 244539 31.3 243 ATG GGAG/GAGG 5-10bp 
2_253 244977 246725 27.7 583 GTG AGGAGG 5-10bp 
2_254 247109 250036 34.3 976 TTG AGGAG 5-10bp 
2_255 250029 250448 38.6 140 ATG AGGAG 5-10bp 
2_256 250803 252143 25.5 447 ATG GGA/GAG/AGG 5-10bp 
2_257 252357 253043 37.7 229 ATG None None 
2_258 254148 255845 29.7 566 ATG AGGAG 5-10bp 
2_259 256973 257233 39.5 87 GTG 3Base/5BMM 13-15bp 
2_260 257601 258659 44.1 353 ATG None None 
2_261 258599 259093 42 165 ATG GGAG/GAGG 5-10bp 
2_262 259582 260706 32.1 375 ATG GGAG/GAGG 5-10bp 
2_263 260711 261529 41 273 ATG AGGAG/GGAGG 11-12bp 
2_264 261685 262377 42.6 231 ATG GGAG/GAGG 5-10bp 
2_265 262384 263883 44.9 500 ATG AGxAGG/AGGxGG 5-10bp 
2_266 263886 264353 42.7 156 ATG GGA/GAG/AGG 5-10bp 
2_267 264416 264769 33.1 118 ATG AGGAGG 5-10bp 
2_268 264792 265790 39.3 333 ATG AGGAGG 5-10bp 
2_269 265992 266810 38.2 273 ATG AGGAGG 5-10bp 
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2_271 268109 269488 42.6 460 ATG AGGAGG 5-10bp 
2_272 269592 277403 43.7 2604 TTG GGxGG 5-10bp 
2_273 277423 278907 38.7 495 ATG AGGAG 5-10bp 
2_274 278904 280463 39.4 520 ATG None None 
2_275 281183 282013 43.1 277 ATG AGGAG 5-10bp 
2_276 282434 284005 42.3 524 ATG AGxAGG/AGGxGG 5-10bp 
2_277 284474 284797 40.4 108 ATG AGGA/GGAG/GAGG 11-12bp 
2_278 284934 285998 43 355 TTG GGAGG 5-10bp 
2_279 286214 287152 44.8 313 TTG AGGA 5-10bp 
2_280 287175 288362 41.4 396 ATG AGxAGG/AGGxGG 5-10bp 
2_281 288384 289523 43.2 380 ATG AGGAGG 5-10bp 
2_282 289536 290231 43.8 232 ATG AGGAG 5-10bp 
2_283 290254 291183 43 310 ATG GGAGG 5-10bp 
2_284 291996 292622 43.1 209 ATG GGxGG 5-10bp 
2_285 292626 293432 41.8 269 ATG None None 
2_286 293429 294037 38.8 203 ATG AGxAGG/AGGxGG 5-10bp 
2_287 294034 295377 39.8 448 ATG GGAG/GAGG 5-10bp 
2_288 295358 296023 39.3 222 ATG GGAGG 5-10bp 
2_289 296154 296693 37 180 ATG AGxAGG/AGGxGG 5-10bp 
2_290 297068 297817 43.3 250 ATG 3Base/5BMM 13-15bp 
2_291 297841 298026 36 62 ATG AGGA/GGAG/GAGG 11-12bp 
2_292 297945 298712 39.5 256 ATG AGxAGG/AGGxGG 5-10bp 
2_293 298687 299043 40.3 119 ATG AGxAGG/AGGxGG 5-10bp 
2_294 299066 300208 41.3 381 ATG AGGA 5-10bp 
2_295 300363 301673 44.6 437 ATG GGAGG 5-10bp 
2_296 302083 302691 42.7 203 ATG GGAG/GAGG 5-10bp 
2_297 302688 303254 43.2 189 ATG GGxGG 5-10bp 
2_298 303406 304683 40.8 426 ATG GGAGG 5-10bp 
2_299 304703 306103 41.1 467 ATG AGGAG/GGAGG 11-12bp 
2_300 306146 307123 41.5 326 ATG AGGAGG 5-10bp 
2_301 307189 309081 45.5 631 Edge None None 
3_1 1 591 39.8 197 Edge None None 
3_2 898 3309 41.4 804 ATG AGGA/GGAG/GAGG 11-12bp 
3_3 3490 4836 42.1 449 ATG AGGA 5-10bp 
3_4 4948 6564 40.3 539 ATG AGGA 5-10bp 
3_5 6566 7291 41.3 242 ATG AGxAGG/AGGxGG 5-10bp 
3_6 7262 8104 44.5 281 ATG GGAG/GAGG 5-10bp 
3_7 8257 9657 42.7 467 ATG AGxAGG/AGGxGG 5-10bp 
3_8 9910 10146 34.6 79 ATG AGxAGG/AGGxGG 5-10bp 
3_9 10146 10442 40.7 99 ATG None None 
3_10 10748 11203 41.7 152 ATG GGAG/GAGG 5-10bp 
3_11 11235 11573 36.9 113 ATG GGA/GAG/AGG 5-10bp 
3_12 11614 11946 33.6 111 ATG None None 
3_13 12181 13608 43.2 476 ATG AGGAGG 5-10bp 
3_14 13662 14222 37.1 187 ATG 4Base/6BMM 13-15bp 
3_15 14386 14835 42 150 TTG GGAG/GAGG 5-10bp 
3_16 14967 15170 40.2 68 ATG GGAGG 5-10bp 
3_17 15335 17947 42.1 871 ATG AGGA/GGAG/GAGG 11-12bp 
3_18 17963 19942 42.9 660 ATG GGA/GAG/AGG 5-10bp 
3_19 20014 20619 40.8 202 ATG GGA/GAG/AGG 5-10bp 
3_20 20639 21646 46.2 336 ATG AGxAGG/AGGxGG 11-12bp 
3_21 21661 22704 40.6 348 TTG GGAG/GAGG 5-10bp 
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3_23 24060 24407 37.9 116 GTG AGGAGG 5-10bp 
3_24 24526 25440 43.5 305 ATG GGAGG 5-10bp 
3_25 25567 28563 42.3 999 ATG AGGAGG 5-10bp 
3_26 28858 30786 42.3 643 ATG AGGAG 5-10bp 
3_27 30918 32156 43.7 413 ATG GGAG/GAGG 5-10bp 
3_28 32216 33226 41.1 337 ATG GGAGG 5-10bp 
3_29 33472 34635 41.2 388 ATG GGAG/GAGG 5-10bp 
3_30 34655 36136 41.4 494 ATG GGxGG 5-10bp 
3_31 36165 38363 41.1 733 ATG GGA/GAG/AGG 5-10bp 
3_32 38479 39330 39.3 284 ATG AGGA 5-10bp 
3_33 39709 40158 41.6 150 TTG AGxAGG/AGGxGG 5-10bp 
3_34 40237 40677 40.8 147 ATG AGxAGG/AGGxGG 5-10bp 
3_35 40700 41677 43.1 326 ATG GGA/GAG/AGG 5-10bp 
3_36 41699 41944 36.2 82 ATG GGAGG 5-10bp 
3_37 41960 42889 42.2 310 ATG GGA/GAG/AGG 5-10bp 
3_38 42892 43623 42.3 244 ATG GGAG/GAGG 5-10bp 
3_39 43651 44883 45.8 411 ATG GGAG/GAGG 5-10bp 
3_40 44889 45332 39.4 148 TTG GGAG/GAGG 5-10bp 
3_41 45336 45755 45.7 140 ATG GGAG/GAGG 5-10bp 
3_42 45769 47148 42.8 460 ATG GGAG/GAGG 5-10bp 
3_43 47135 47995 45.5 287 ATG GGAG/GAGG 5-10bp 
3_44 47985 48764 46.4 260 ATG GGA/GAG/AGG 5-10bp 
3_45 48783 49547 46 255 ATG AGGA 5-10bp 
3_46 49698 51176 40.9 493 ATG None None 
3_47 51251 52336 43.4 362 ATG GGAG/GAGG 5-10bp 
3_48 52400 53350 43.6 317 ATG AGGA 5-10bp 
3_49 53365 54696 43.2 444 ATG GGAG/GAGG 5-10bp 
3_50 54970 57615 43.1 882 ATG AGGA 5-10bp 
3_51 57790 58053 39 88 ATG GGAGG 5-10bp 
3_52 58053 58493 40.8 147 ATG AGGAGG 5-10bp 
3_53 58513 58803 38.8 97 ATG AGxAGG/AGGxGG 5-10bp 
3_54 58949 59200 34.5 84 ATG AGxAGG/AGGxGG 11-12bp 
3_55 59208 59726 42 173 ATG GGA/GAG/AGG 5-10bp 
3_56 59716 62076 43.8 787 ATG AGxAGG/AGGxGG 5-10bp 
3_57 62157 62468 40.7 104 ATG GGAG/GAGG 5-10bp 
3_58 62564 63049 41.4 162 ATG 4Base/6BMM 13-15bp 
3_59 63184 63786 43.6 201 ATG GGAG/GAGG 5-10bp 
3_60 63788 64321 39.3 178 ATG GGAG/GAGG 5-10bp 
3_61 64779 65102 39.8 108 ATG AGGAGG 5-10bp 
3_62 65537 67027 42.2 497 GTG AGGA 5-10bp 
3_63 67119 67721 40.8 201 ATG GGAGG 5-10bp 
3_64 68027 69484 41.6 486 ATG GGAG/GAGG 5-10bp 
3_65 69484 70224 41.8 247 ATG AGGAG/GGAGG 11-12bp 
3_66 70355 70618 42 88 GTG AGxAGG/AGGxGG 5-10bp 
3_67 70721 71935 44.1 405 ATG AGGAG 5-10bp 
3_68 72047 72376 36.1 110 TTG GGxGG 5-10bp 
3_69 72515 73183 42.9 223 GTG GGA/GAG/AGG 5-10bp 
3_70 73186 74187 44.4 334 ATG GGAG/GAGG 5-10bp 
3_71 74255 75226 43.3 324 ATG GGAG/GAGG 5-10bp 
3_72 75608 76792 36.2 395 ATG GGA/GAG/AGG 5-10bp 
3_73 77165 77458 42.9 98 ATG AGxAGG/AGGxGG 5-10bp 
3_74 77530 80739 41.6 1070 ATG AGGA/GGAG/GAGG 11-12bp 
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3_76 81226 81495 39.3 90 ATG AGGA/GGAG/GAGG 11-12bp 
3_77 81479 82648 40.6 390 ATG GGAG/GAGG 5-10bp 
3_78 82629 87032 42.6 1468 ATG AGGAGG 5-10bp 
3_79 87036 87476 36.1 147 TTG AGxAGG/AGGxGG 5-10bp 
3_80 87489 88145 34.7 219 TTG GGAG/GAGG 5-10bp 
3_81 88135 89766 39.2 544 ATG GGxGG 5-10bp 
3_82 89785 90453 29.6 223 ATG GGAG/GAGG 5-10bp 
3_83 90450 90893 41 148 ATG AGGAG 5-10bp 
3_84 90904 91362 37.7 153 ATG AGxAGG/AGGxGG 5-10bp 
3_85 91377 91634 41.9 86 ATG AGGAG 5-10bp 
3_86 91777 92481 40.3 235 ATG AGGAG/GGAGG 11-12bp 
3_87 92483 93832 41.7 450 ATG GGAGG 5-10bp 
3_88 93994 94596 39.6 201 ATG AGGA/GGAG/GAGG 11-12bp 
3_89 94607 95692 43.1 362 ATG AGGAG 5-10bp 
3_90 95685 96521 40.3 279 ATG AGxAG 5-10bp 
3_91 96541 97569 43.5 343 GTG GGAG/GAGG 5-10bp 
3_92 97648 98277 43.7 210 ATG AGGAGG 5-10bp 
3_93 98512 99228 39.1 239 GTG GGAG/GAGG 5-10bp 
3_94 99266 99490 44.9 75 ATG AGGAGG 5-10bp 
3_95 99549 100076 41.5 176 ATG AGGAGG 5-10bp 
3_96 100063 100605 37.6 181 ATG GGA/GAG/AGG 5-10bp 
3_97 100628 102139 42.6 504 ATG GGAG/GAGG 5-10bp 
3_98 102159 103100 42.8 314 ATG GGxGG 5-10bp 
3_99 103124 104530 44.3 469 ATG AGGAGG 5-10bp 
3_100 104545 104964 42.9 140 ATG AGxAGG/AGGxGG 5-10bp 
3_101 105145 105375 43.3 77 ATG GGAG/GAGG 5-10bp 
3_102 105407 106714 43.1 436 TTG GGAGG 5-10bp 
3_103 106916 107908 46.6 331 ATG AGGAG 5-10bp 
3_104 107908 108165 41.5 86 ATG GGA/GAG/AGG 5-10bp 
3_105 108187 108408 37.4 74 TTG AGxAGG/AGGxGG 5-10bp 
3_106 108501 109703 42.9 401 ATG AGGAG 5-10bp 
3_107 109715 110068 40.7 118 ATG GGA/GAG/AGG 5-10bp 
3_108 110129 110869 43.2 247 GTG AGxAGG/AGGxGG 5-10bp 
3_109 110984 111763 44.6 260 ATG GGAGG 5-10bp 
3_110 111776 113065 43.9 430 ATG AGxAGG/AGGxGG 5-10bp 
3_111 113046 114272 44.3 409 ATG AGGA 5-10bp 
3_112 114269 114721 43.9 151 ATG GGAG/GAGG 5-10bp 
3_113 114714 116117 43 468 ATG AGGAGG 5-10bp 
3_114 116248 117075 32 276 ATG AGxAG 5-10bp 
3_115 117164 118012 33.3 283 ATG GGA/GAG/AGG 5-10bp 
3_116 118009 118716 35 236 ATG GGxGG 5-10bp 
3_117 119143 120117 35.6 325 ATG None None 
3_118 120272 121141 33.2 290 GTG AGGAGG 5-10bp 
3_119 121662 122174 29.6 171 ATG AGxAG 5-10bp 
3_120 122179 123021 37.4 281 ATG GGAG/GAGG 5-10bp 
3_121 123002 123655 35.9 218 ATG GGA/GAG/AGG 11-12bp 
3_122 123667 123825 41.5 53 ATG AGGAG 5-10bp 
3_123 123886 125499 41.8 538 ATG GGA/GAG/AGG 5-10bp 
3_124 125678 126517 37.9 280 ATG GGA/GAG/AGG 5-10bp 
3_125 126687 127835 40 383 ATG GGA/GAG/AGG 5-10bp 
3_126 127897 129399 39.2 501 TTG GGAG/GAGG 5-10bp 
3_127 129399 129944 41 182 ATG GGA/GAG/AGG 5-10bp 
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3_129 130552 130851 38.3 100 GTG AGGA/GGAG/GAGG 11-12bp 
3_130 131180 132448 46.8 423 TTG AGGA 5-10bp 
3_131 132582 134597 41.6 672 ATG AGGA 5-10bp 
3_132 134707 135171 44.5 155 ATG AGxAGG/AGGxGG 5-10bp 
3_133 135270 135878 43.5 203 ATG GGAGG 5-10bp 
3_134 136158 136937 40.1 260 ATG GGxGG 5-10bp 
3_135 137254 137808 43.6 185 ATG GGAGG 5-10bp 
3_136 137822 138265 37.8 148 ATG GGAGG 5-10bp 
3_137 138409 140121 39 571 ATG GGA/GAG/AGG 5-10bp 
3_138 140254 141402 41.5 383 ATG GGAG/GAGG 5-10bp 
3_139 141421 142638 43.3 406 ATG AGGA 5-10bp 
3_140 142939 145602 43.3 888 ATG AGGA 5-10bp 
3_141 145697 146968 41.9 424 ATG GGAG/GAGG 5-10bp 
3_142 146985 147641 38.2 219 ATG GGAG/GAGG 5-10bp 
3_143 147691 148314 40.2 208 ATG AGxAGG/AGGxGG 5-10bp 
3_144 148324 148530 39.1 69 ATG AGxAGG/AGGxGG 5-10bp 
3_145 148843 149847 45 335 GTG GGA/GAG/AGG 5-10bp 
3_146 149942 150790 39.1 283 ATG AGGAGG 5-10bp 
3_147 150803 151321 38.9 173 ATG AGxAGG/AGGxGG 5-10bp 
3_148 151341 152003 38.6 221 ATG GGA/GAG/AGG 5-10bp 
3_149 152004 152810 42.3 269 ATG AGGAGG 5-10bp 
3_150 153158 153805 41.7 216 ATG GGAGG 5-10bp 
3_151 153818 154456 41.5 213 ATG AGGAG 5-10bp 
3_152 154471 155289 38.3 273 ATG AGGA 5-10bp 
3_153 155358 156821 40.5 488 ATG AGGA/GGAG/GAGG 11-12bp 
3_154 156839 157768 39.8 310 ATG AGGA 5-10bp 
3_155 158134 158511 38.6 126 ATG GGAG/GAGG 5-10bp 
3_156 158719 159666 42.3 316 ATG AGGA 5-10bp 
3_157 159680 160048 40.1 123 TTG AGGA 5-10bp 
3_158 160045 162192 42.1 716 ATG AGGA 5-10bp 
3_159 162226 163188 41.7 321 ATG AGGA 5-10bp 
3_160 163210 164580 41.2 457 ATG AGGA/GGAG/GAGG 11-12bp 
3_161 164582 165676 42.2 365 ATG AGGA 5-10bp 
3_162 165828 166538 38.8 237 TTG None None 
3_163 166691 168037 41.9 449 ATG GGAGG 5-10bp 
3_164 168064 169320 45.2 419 ATG GGAGG 5-10bp 
3_165 169338 169775 41.1 146 ATG AGGAGG 5-10bp 
3_166 169786 170040 36.1 85 TTG AGGAG 5-10bp 
3_167 170058 170840 40.5 261 GTG GGxGG 5-10bp 
3_168 170865 171611 37.8 249 ATG GGAGG 5-10bp 
3_169 171970 174720 41.9 917 ATG 3Base/5BMM 13-15bp 
3_170 174821 175363 40 181 ATG GGAG/GAGG 5-10bp 
3_171 175374 175598 36.4 75 ATG GGA/GAG/AGG 5-10bp 
3_172 175619 176305 44.4 229 ATG GGA/GAG/AGG 5-10bp 
3_173 176318 177466 43.9 383 GTG GGAG/GAGG 5-10bp 
3_174 177484 177822 37.8 113 ATG GGAG/GAGG 5-10bp 
3_175 177952 179079 42 376 ATG GGA/GAG/AGG 5-10bp 
3_176 179174 179827 41.3 218 TTG GGAG/GAGG 5-10bp 
3_177 179837 180499 40.7 221 ATG AGGA 5-10bp 
3_178 180511 182901 42.9 797 ATG AGxAGG/AGGxGG 5-10bp 
3_179 182999 183985 38.1 329 TTG None None 
3_180 184196 185872 44.4 559 ATG GGAG/GAGG 5-10bp 

















3_182 186373 186843 39.3 157 ATG AGxAGG/AGGxGG 5-10bp 
3_183 186917 187471 45.2 185 TTG GGA/GAG/AGG 5-10bp 
3_184 187635 188651 41.1 339 ATG GGA/GAG/AGG 5-10bp 
3_185 188670 188960 38.1 97 ATG GGAG/GAGG 5-10bp 
3_186 188960 189745 43 262 ATG GGA/GAG/AGG 3-4bp 
3_187 189898 191739 43.4 614 TTG AGGA 5-10bp 
3_188 191886 192176 41.9 97 ATG AGGAG 5-10bp 
3_189 192173 193375 39.2 401 ATG GGAG/GAGG 5-10bp 
3_190 193418 196843 41.8 1142 ATG 4Base/6BMM 13-15bp 
3_191 196843 197964 37.2 374 ATG GGA/GAG/AGG 11-12bp 
3_192 198017 198307 34.4 97 ATG GGA/GAG/AGG 5-10bp 
3_193 198404 198964 39.2 187 ATG GGA/GAG/AGG 5-10bp 
3_194 198966 199436 38 157 ATG AGGA/GGAG/GAGG 11-12bp 
3_195 199499 199780 38.3 94 ATG AGxAGG/AGGxGG 5-10bp 
3_196 199851 200147 39.7 99 TTG None None 
3_197 200207 200695 41.5 163 ATG GGAG/GAGG 5-10bp 
3_198 200782 202932 39.9 717 GTG AGGAG 5-10bp 
3_199 203010 204041 39 344 ATG 3Base/5BMM 13-15bp 
3_200 204091 204345 43.1 85 ATG GGAGG 5-10bp 
3_201 204619 204888 41.1 90 ATG AGxAGG/AGGxGG 5-10bp 
3_202 205067 206776 40.9 570 ATG GGAG/GAGG 5-10bp 
3_203 206846 207730 36.9 295 ATG AGGA 5-10bp 
3_204 207936 209123 43.5 396 ATG AGGAGG 5-10bp 
3_205 209292 210578 38.9 429 ATG GGAGG 5-10bp 
3_206 210748 211983 40.6 412 ATG GGA/GAG/AGG 5-10bp 
3_207 212064 213488 41.5 475 ATG AGGAGG 11-12bp 
3_208 213748 214434 39.2 229 ATG AGGAG 5-10bp 
3_209 214434 215963 39.1 510 ATG None None 
3_210 215993 216904 42.7 304 ATG AGGA 5-10bp 
3_211 217000 217275 43.1 92 GTG GGA/GAG/AGG 5-10bp 
3_212 217399 218559 40 387 ATG GGA/GAG/AGG 5-10bp 
3_213 218620 219339 36.4 240 ATG AGxAGG/AGGxGG 5-10bp 
3_214 219420 220292 37.1 291 ATG AGGAG 5-10bp 
3_215 220303 221307 36 335 ATG AGxAGG/AGGxGG 5-10bp 
3_216 221317 221769 33.1 151 ATG AGGA 5-10bp 
3_217 222040 226608 39.7 1523 ATG AGGAGG 5-10bp 
3_218 226768 228597 43.2 610 ATG AGxAGG/AGGxGG 5-10bp 
3_219 228819 229817 43.9 333 GTG GGxGG 5-10bp 
3_220 229814 230776 38.9 321 ATG AGxAGG/AGGxGG 5-10bp 
3_221 230757 231716 41 320 ATG AGxAGG/AGGxGG 5-10bp 
3_222 231729 232616 40.9 296 ATG AGxAGG/AGGxGG 5-10bp 
3_223 232635 234380 40.3 582 ATG AGGAGG 5-10bp 
3_224 234527 235483 38 319 ATG None None 
3_225 236103 236897 37 265 ATG None None 
3_226 236984 237670 35.2 229 ATG AGxAGG/AGGxGG 5-10bp 
3_227 237822 239375 35.8 518 ATG None None 
3_228 239391 239993 36.2 201 ATG None None 
3_229 240251 240778 36.6 176 ATG AGxAGG/AGGxGG 5-10bp 
3_230 240932 241165 37.2 78 ATG GGA/GAG/AGG 11-12bp 
3_231 241383 241787 31.6 135 ATG GGAGG 5-10bp 
3_232 241853 242128 37 92 ATG GGA/GAG/AGG 5-10bp 
3_233 242139 242561 36.4 141 ATG AGGAG 5-10bp 
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3_235 242804 243178 30.1 125 ATG AGGAG 5-10bp 
3_236 243191 243439 32.9 83 ATG GGAG/GAGG 5-10bp 
3_237 243450 243857 32.8 136 ATG AGGAG 5-10bp 
3_238 243854 245380 40.3 509 ATG GGA/GAG/AGG 5-10bp 
3_239 245397 245705 41.4 103 ATG GGAG/GAGG 5-10bp 
3_240 245692 245997 38.2 102 ATG AGGAGG 5-10bp 
3_241 246212 247147 42.2 312 ATG GGAGG 5-10bp 
3_242 247391 247633 32.9 81 TTG None None 
3_243 247656 248330 36.7 225 ATG None None 
3_244 248583 249083 41.3 167 ATG AGxAG 5-10bp 
3_245 249116 249316 43.8 67 ATG AGGAGG 11-12bp 
3_246 249463 249822 40.3 120 ATG AGGAGG 5-10bp 
3_247 249962 250495 40.8 178 TTG AGGAG 5-10bp 
3_248 250488 251603 41.3 372 ATG GGxGG 5-10bp 
3_249 251619 251930 37.5 104 ATG GGAG/GAGG 5-10bp 
3_250 251943 252584 41.6 214 ATG AGxAGG/AGGxGG 5-10bp 
3_251 252568 253164 40.7 199 ATG AGxAGG/AGGxGG 5-10bp 
3_252 253183 253539 37.3 119 ATG AGGAGG 5-10bp 
3_253 253541 254275 40.7 245 ATG None None 
3_254 254290 255435 42.4 382 ATG AGxAGG/AGGxGG 5-10bp 
3_255 255515 256063 39.3 183 ATG AGGAGG 5-10bp 
3_256 256138 256314 42.9 59 ATG AGGAGG 5-10bp 
3_257 256475 257068 39.9 198 ATG AGGAG/GGAGG 11-12bp 
3_258 257068 257367 40.7 100 ATG GGxGG 5-10bp 
3_259 257418 257555 34.1 46 ATG GGA/GAG/AGG 5-10bp 
3_260 257777 259246 38.2 490 ATG AGGAG 5-10bp 
3_261 259239 259973 39.5 245 ATG AGGA 5-10bp 
3_262 260089 261861 40.2 591 ATG AGGA 5-10bp 
3_263 262023 263333 43.9 437 ATG AGxAGG/AGGxGG 5-10bp 
3_264 263356 265239 39.5 628 ATG AGGA/GGAG/GAGG 11-12bp 
3_265 265275 265550 37.7 92 TTG GGAG/GAGG 5-10bp 
3_266 265831 267327 39.3 499 ATG AGxAGG/AGGxGG 5-10bp 
3_267 267419 267589 39.2 57 ATG GGAG/GAGG 5-10bp 
3_268 267586 267816 30.3 77 TTG GGAG/GAGG 5-10bp 
3_269 267854 268594 37.1 247 ATG GGAG/GAGG 5-10bp 
3_270 268602 268835 28.6 78 ATG GGA/GAG/AGG 5-10bp 
3_271 268868 269305 38.4 146 ATG AGGA 5-10bp 
3_272 269311 269568 35.7 86 ATG AGGAGG 5-10bp 
3_273 269665 270624 36.1 320 TTG AGGAG 5-10bp 
3_274 270638 270931 32 98 ATG GGAGG 5-10bp 
3_275 271549 272367 35.5 273 GTG AGGA 5-10bp 
3_276 272381 273142 34.6 254 TTG AGGAG 5-10bp 
3_277 273146 273622 36.1 159 ATG GGAG/GAGG 5-10bp 
3_278 273626 274174 39.2 183 TTG AGxAGG/AGGxGG 5-10bp 
3_279 274153 276555 38.5 801 TTG AGxAGG/AGGxGG 11-12bp 
3_280 276794 282883 38.8 2030 ATG GGAG/GAGG 5-10bp 
3_281 282966 285422 38.2 819 ATG GGAGG 5-10bp 
3_282 285419 286309 41.1 297 ATG GGAGG 5-10bp 
3_283 286315 287169 37.1 285 ATG AGGAG 5-10bp 
3_284 287216 287527 35.9 104 ATG AGGAGG 5-10bp 
3_285 287538 289355 39.8 606 TTG GGA/GAG/AGG 5-10bp 
3_286 289489 289800 42.9 104 ATG AGGAGG 5-10bp 
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3_288 292050 295088 38.8 1013 TTG AGxAGG/AGGxGG 5-10bp 
3_289 295176 297833 42.2 886 ATG AGGAG/GGAGG 11-12bp 
3_290 297820 298098 36.9 93 ATG AGGA/GGAG/GAGG 11-12bp 
3_291 298196 298669 32.5 158 ATG AGGA/GGAG/GAGG 11-12bp 
3_292 300225 301970 40.1 582 ATG AGGAG/GGAGG 11-12bp 
3_293 301972 302652 38.8 227 ATG AGxAGG/AGGxGG 5-10bp 
3_294 302685 304832 40.9 716 ATG GGA/GAG/AGG 5-10bp 
3_295 304918 305688 38 257 ATG GGA/GAG/AGG 5-10bp 
3_296 305685 306788 40.7 368 ATG GGA/GAG/AGG 11-12bp 
3_297 306846 307517 34.4 224 ATG GGAGG 5-10bp 
3_298 307681 310830 39 1050 ATG AGGAG/GGAGG 11-12bp 
3_299 310953 311945 32.8 331 ATG GGA/GAG/AGG 11-12bp 
3_300 311938 313920 37.3 661 GTG AGxAGG/AGGxGG 5-10bp 
3_301 314701 315240 30.9 180 ATG AGGAGG 5-10bp 
3_302 315622 315873 36.1 84 ATG GGAGG 5-10bp 
3_303 315895 316584 37.2 230 ATG AGGAG 5-10bp 
3_304 316574 317005 35.4 144 ATG GGAGG 5-10bp 
3_305 317024 317329 35.9 102 ATG GGA/GAG/AGG 5-10bp 
3_306 317346 317828 42.2 161 ATG AGGA 5-10bp 
3_307 317870 318913 37.7 348 ATG AGGAG/GGAGG 11-12bp 
3_308 318916 319191 41.3 92 ATG 3Base/5BMM 13-15bp 
3_309 319206 319388 37.7 61 ATG AGxAGG/AGGxGG 5-10bp 
3_310 319961 320311 39.3 117 ATG None None 
3_311 320328 320738 36.7 137 ATG AGGA 5-10bp 
3_312 321201 321395 34.4 65 ATG GGA/GAG/AGG 5-10bp 
3_313 321429 321755 41.9 109 ATG GGAGG 5-10bp 
3_314 321853 322695 38.1 281 TTG GGA/GAG/AGG 11-12bp 
3_315 322997 323263 38.2 89 ATG AGGAGG 5-10bp 
3_316 323588 323920 35.7 111 ATG GGAG/GAGG 5-10bp 
3_317 323997 324290 40.8 98 ATG GGAGG 5-10bp 
3_318 324303 324929 37.5 209 ATG AGxAGG/AGGxGG 5-10bp 
3_319 324942 326897 40.5 652 ATG AGGAGG 5-10bp 
3_320 326903 327124 31.1 74 ATG GGAG/GAGG 5-10bp 
3_321 327135 328370 42.5 412 TTG GGA/GAG/AGG 5-10bp 
3_322 328363 328938 35.8 192 GTG GGA/GAG/AGG 5-10bp 
3_323 328925 329560 36.8 212 ATG GGxGG 5-10bp 
3_324 329572 330960 39.3 463 ATG GGA/GAG/AGG 5-10bp 
3_325 331324 332274 42.8 317 ATG AGGA 5-10bp 
3_326 332274 333083 43.2 270 ATG GGA/GAG/AGG 11-12bp 
3_327 333103 333417 34.6 105 ATG GGA/GAG/AGG 5-10bp 
3_328 333439 335745 42.8 769 TTG AGxAGG/AGGxGG 5-10bp 
3_329 335769 336287 42.4 173 ATG AGGAG 5-10bp 
3_330 336441 337109 41.4 223 ATG AGxAG 5-10bp 
3_331 337298 337447 28.7 50 TTG AGGAG 5-10bp 
3_332 337459 338991 41.9 511 TTG AGGAG 5-10bp 
3_333 338991 340187 39.3 399 ATG GGAG/GAGG 5-10bp 
3_334 340210 340440 35.1 77 ATG GGAGG 5-10bp 
3_335 340440 341711 39 424 ATG 3Base/5BMM 13-15bp 
3_336 341761 344388 39.8 876 ATG AGGA/GGAG/GAGG 11-12bp 
3_337 344614 346674 41.1 687 GTG AGGAG 5-10bp 
3_338 346863 347012 34 50 ATG GGAGG 5-10bp 
3_339 347135 347809 41.2 225 ATG GGxGG 5-10bp 
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3_341 348063 349022 43.2 320 ATG AGGAG 5-10bp 
3_342 349087 349506 38.3 140 ATG AGGAGG 5-10bp 
3_343 349676 350482 42.6 269 ATG AGGAG 5-10bp 
3_344 350489 350845 37.5 119 ATG GGAG/GAGG 5-10bp 
3_345 350961 351137 46.9 59 ATG AGGAGG 5-10bp 
3_346 351274 352200 41.7 309 ATG AGGA 5-10bp 
3_347 352214 353482 42.7 423 ATG GGAGG 5-10bp 
3_348 353625 354011 42.4 129 ATG AGGAGG 5-10bp 
3_349 354035 355378 41.3 448 ATG AGGAG 5-10bp 
3_350 355427 355822 40.9 132 ATG AGGAGG 5-10bp 
3_351 356129 356743 41.6 205 ATG AGGAG/GGAGG 11-12bp 
3_352 356871 357080 41.4 70 ATG GGA/GAG/AGG 5-10bp 
3_353 357194 358384 43.6 397 TTG GGA/GAG/AGG 5-10bp 
3_354 358384 360804 43.1 807 ATG GGAG/GAGG 5-10bp 
3_355 360832 361797 42.1 322 ATG AGGA/GGAG/GAGG 11-12bp 
3_356 361778 363127 42.2 450 ATG GGA/GAG/AGG 5-10bp 
3_357 363131 363880 40.4 250 ATG GGAG/GAGG 5-10bp 
3_358 363877 365571 41.5 565 ATG AGGAGG 5-10bp 
3_359 365593 366480 40.7 296 TTG GGA/GAG/AGG 11-12bp 
3_360 366495 367145 40.9 217 ATG GGAGG 5-10bp 
3_361 367147 367815 38.3 223 ATG AGxAG 11-12bp 
3_362 367927 369567 39.7 547 ATG AGxAGG/AGGxGG 5-10bp 
3_363 369670 369855 43 62 ATG GGAGG 5-10bp 
3_364 370236 370598 37.7 121 ATG AGGAGG 5-10bp 
3_365 370631 372322 41.8 564 TTG AGGAGG 5-10bp 
3_366 372390 374435 42 682 ATG AGxAGG/AGGxGG 5-10bp 
3_367 374452 375483 43.5 344 ATG GGAG/GAGG 5-10bp 
3_368 375532 375774 36.2 81 ATG GGAG/GAGG 5-10bp 
3_369 375855 376550 38.4 232 TTG AGGAG 5-10bp 
3_370 376576 380115 42.7 1180 ATG GGA/GAG/AGG 11-12bp 
3_371 380177 381532 42 452 ATG GGAG/GAGG 5-10bp 
3_372 381542 381883 32.2 114 ATG GGA/GAG/AGG 5-10bp 
3_373 381899 383326 42.9 476 ATG None None 
3_374 383453 383728 41.3 92 ATG AGGAGG 5-10bp 
3_375 383739 383987 42.2 83 ATG GGA/GAG/AGG 5-10bp 
3_376 384056 384571 39.3 172 ATG AGGAGG 5-10bp 
3_377 384572 385318 42.7 249 ATG GGA/GAG/AGG 5-10bp 
3_378 385311 385871 41 187 ATG GGAG/GAGG 5-10bp 
3_379 385989 386342 45.5 118 ATG AGGAG 5-10bp 
3_380 386454 387590 36.2 379 ATG GGAG/GAGG 5-10bp 
3_381 387671 388444 32.6 258 ATG AGGAG 5-10bp 
3_382 388576 389034 35.5 153 ATG AGxAGG/AGGxGG 5-10bp 
3_383 389043 389438 35.6 132 GTG GGAG/GAGG 5-10bp 
3_384 389610 389759 34 50 ATG AGGAG 5-10bp 
3_385 389987 390187 36.3 67 TTG GGAGG 5-10bp 
3_386 390228 391058 39.2 277 ATG GGAG/GAGG 5-10bp 
3_387 391073 391399 34.9 109 ATG AGGAGG 5-10bp 
3_388 391332 391601 35.9 90 ATG GGAG/GAGG 5-10bp 
3_389 391662 391853 38.5 64 ATG AGGA 5-10bp 
3_390 391867 392103 38.8 79 ATG AGxAGG/AGGxGG 5-10bp 
3_391 392106 392234 31.8 43 ATG GGAGG 5-10bp 
3_392 392356 392610 38 85 TTG None None 
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3_394 393094 393273 51.7 60 ATG AGGAGG 5-10bp 
3_395 393352 393627 36.6 92 ATG GGAG/GAGG 5-10bp 
3_396 393617 393889 39.6 91 ATG AGxAGG/AGGxGG 5-10bp 
3_397 393890 394882 42.2 331 ATG AGGAGG 5-10bp 
3_398 394887 395711 38.9 275 ATG GGAG/GAGG 5-10bp 
3_399 395721 395864 34.7 48 ATG GGA/GAG/AGG 5-10bp 
3_400 396131 399718 83.4 1196 ATG None None 
3_401 400192 400437 38.2 82 ATG GGAGG 5-10bp 
3_402 400451 400585 37 45 ATG AGGAGG 5-10bp 
3_403 400757 401161 35.3 135 ATG GGAGG 5-10bp 
3_404 401168 401620 35.1 151 ATG AGGAG/GGAGG 11-12bp 
3_405 401715 401885 39.8 57 ATG AGGAGG 5-10bp 
4_1 184 870 35.4 229 ATG AGxAGG/AGGxGG 5-10bp 
4_2 957 1751 37.2 265 ATG None None 
4_3 1934 2155 36 74 ATG None None 
4_4 2338 2586 41 83 ATG GGA/GAG/AGG 11-12bp 
4_5 2556 3158 33.3 201 ATG None None 
4_6 3123 3851 38.5 243 ATG AGGAGG 5-10bp 
4_7 3941 5113 38.5 391 ATG GGAG/GAGG 5-10bp 
4_8 5286 7214 43.9 643 ATG AGGAG 5-10bp 
4_9 7440 8936 42.1 499 ATG AGxAGG/AGGxGG 11-12bp 
4_10 8951 9946 45.6 332 ATG AGGA 5-10bp 
4_11 10004 10801 33.7 266 ATG GGxGG 5-10bp 
4_12 11140 12702 39.7 521 ATG AGGAGG 5-10bp 
4_13 12742 13311 36.7 190 ATG AGxAGG/AGGxGG 5-10bp 
4_14 13323 14018 34.2 232 ATG AGxAGG/AGGxGG 5-10bp 
4_15 14263 15825 38.5 521 ATG AGxAGG/AGGxGG 5-10bp 
4_16 15865 16674 38.8 270 GTG GGAGG 5-10bp 
4_17 16739 18934 42.5 732 TTG AGGAG 5-10bp 
4_18 19158 20438 38.3 427 TTG AGxAG 5-10bp 
4_19 20814 22283 41.4 490 GTG AGGA/GGAG/GAGG 11-12bp 
5_1 1 117 45.3 39 Edge None None 
5_2 521 1141 38.8 207 ATG AGGA 5-10bp 
5_3 1314 2600 42.4 429 ATG AGxAGG/AGGxGG 5-10bp 
5_4 2901 4385 43.5 495 ATG AGGAGG 5-10bp 
5_5 4731 5453 44.8 241 ATG GGAG/GAGG 5-10bp 
5_6 5470 7149 44.5 560 GTG AGxAGG/AGGxGG 5-10bp 
5_7 7307 7837 42.2 177 ATG AGxAGG/AGGxGG 5-10bp 
5_8 7849 8352 41.9 168 ATG AGxAGG/AGGxGG 5-10bp 
5_9 8417 8635 36.1 73 TTG 4Base/6BMM 13-15bp 
5_10 8574 9155 42.6 194 TTG None None 
5_11 9443 10288 45.5 282 ATG GGA/GAG/AGG 11-12bp 
5_12 10290 10661 40.9 124 ATG None None 
5_13 10685 11794 45.1 370 ATG AGGA 5-10bp 
5_14 11866 13047 41.9 394 ATG AGxAGG/AGGxGG 5-10bp 
5_15 13137 13337 41.8 67 ATG AGGAGG 11-12bp 
5_16 13510 14157 40 216 ATG GGAG/GAGG 5-10bp 
5_17 14231 15139 44.8 303 ATG AGxAGG/AGGxGG 5-10bp 
5_18 15153 15332 36.1 60 ATG AGxAGG/AGGxGG 5-10bp 
5_19 15483 16124 36.4 214 GTG AGxAG 5-10bp 
5_20 16156 17742 43.9 529 GTG GGAG/GAGG 5-10bp 
5_21 17972 19363 39.7 464 ATG GGAGG 5-10bp 
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5_23 20311 20634 43.5 108 ATG GGAG/GAGG 5-10bp 
5_24 20648 20965 37.1 106 ATG AGGA 5-10bp 
5_25 20991 22424 43.9 478 ATG GGAG/GAGG 5-10bp 
5_26 22716 23504 37.8 263 ATG AGxAGG/AGGxGG 5-10bp 
5_27 23716 24057 39.8 114 ATG AGGAG 5-10bp 
5_28 24060 24827 41.4 256 TTG GGAGG 5-10bp 
5_29 25201 25656 33.3 152 ATG AGGAGG 5-10bp 
5_30 25750 27138 43.9 463 ATG AGGA 5-10bp 
5_31 27164 27412 43.4 83 ATG GGAG/GAGG 5-10bp 
5_32 27489 28745 42.4 419 ATG AGxAGG/AGGxGG 5-10bp 
5_33 28735 29634 41.6 300 ATG AGxAGG/AGGxGG 5-10bp 
5_34 29645 30148 37.3 168 ATG AGGA 5-10bp 
5_35 30302 31132 45.2 277 ATG AGGA 5-10bp 
5_36 31229 34435 40 1069 TTG AGGAG 5-10bp 
5_37 34684 36021 41.2 446 ATG AGGA 5-10bp 
5_38 36184 37332 42.4 383 ATG GGAG/GAGG 5-10bp 
5_39 37354 38043 41.9 230 ATG AGxAGG/AGGxGG 5-10bp 
5_40 38136 38849 43.4 238 ATG AGGA 5-10bp 
5_41 39323 40573 39.3 417 ATG GGAGG 5-10bp 
5_42 40647 41102 38.8 152 ATG AGGAG 5-10bp 
5_43 41275 42519 45.2 415 ATG AGGAGG 5-10bp 
5_44 42519 43328 44.1 270 ATG GGAGG 5-10bp 
5_45 43381 44241 40.9 287 ATG AGxAGG/AGGxGG 5-10bp 
5_46 44228 45535 40.7 436 ATG GGxGG 5-10bp 
5_47 45693 47006 45.7 438 GTG GGAG/GAGG 5-10bp 
5_48 47155 48108 45.1 318 ATG AGGAGG 5-10bp 
5_49 48126 49214 44.5 363 ATG AGxAGG/AGGxGG 11-12bp 
5_50 49223 50248 44.1 342 ATG GGAG/GAGG 5-10bp 
5_51 50254 51183 44 310 ATG GGAG/GAGG 5-10bp 
5_52 51305 52942 41.4 546 ATG AGGAG 5-10bp 
5_53 53337 54596 44.1 420 ATG AGxAGG/AGGxGG 5-10bp 
5_54 54808 56127 42 440 ATG GGxGG 5-10bp 
5_55 56493 57311 40.8 273 ATG AGGA 5-10bp 
5_56 57387 58079 45.9 231 ATG GGAG/GAGG 5-10bp 
5_57 58095 58967 40.9 291 ATG GGAGG 5-10bp 
5_58 59219 60082 46.3 288 ATG AGxAG 5-10bp 
5_59 60238 60975 42.4 246 ATG AGxAGG/AGGxGG 5-10bp 
5_60 60987 62147 43.6 387 ATG GGAG/GAGG 5-10bp 
5_61 62173 63675 44.6 501 ATG AGGA/GGAG/GAGG 11-12bp 
5_62 63699 64661 43.3 321 ATG 4Base/6BMM 13-15bp 
5_63 64726 65628 41.5 301 GTG AGxAGG/AGGxGG 5-10bp 
5_64 65640 66116 44 159 ATG GGxGG 5-10bp 
5_65 66196 66618 39.5 141 TTG AGxAGG/AGGxGG 5-10bp 
5_66 66669 67247 40.6 193 GTG GGA/GAG/AGG 5-10bp 
5_67 67401 67568 41.1 56 ATG GGAGG 5-10bp 
5_68 67703 69094 45 464 ATG GGAG/GAGG 5-10bp 
5_69 69157 70332 43.6 392 ATG GGA/GAG/AGG 5-10bp 
5_70 70513 72132 40.1 540 ATG AGxAGG/AGGxGG 11-12bp 
5_71 72308 74719 42.5 804 ATG AGxAGG/AGGxGG 5-10bp 
5_72 74867 75844 39.2 326 ATG GGA/GAG/AGG 5-10bp 
5_73 75847 76194 36.8 116 ATG None None 
5_74 76178 76363 39.8 62 ATG GGxGG 5-10bp 
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5_76 78409 79125 39.7 239 ATG GGxGG 5-10bp 
5_77 79251 79646 38.1 132 ATG GGA/GAG/AGG 5-10bp 
5_78 79666 80055 43.8 130 ATG GGA/GAG/AGG 5-10bp 
5_79 80070 80915 40.7 282 ATG GGAG/GAGG 5-10bp 
5_80 80926 81555 39 210 ATG AGxAGG/AGGxGG 5-10bp 
5_81 81568 82281 36.1 238 ATG GGA/GAG/AGG 5-10bp 
5_82 82271 82726 39 152 ATG GGAGG 5-10bp 
5_83 82828 84549 43.8 574 ATG GGAG/GAGG 5-10bp 
5_84 84566 84910 40.9 115 ATG AGGAGG 5-10bp 
5_85 84931 85233 42.2 101 ATG GGAG/GAGG 5-10bp 
5_86 85265 85783 42.4 173 ATG AGGAGG 11-12bp 
5_87 85830 87038 44.3 403 ATG GGAGG 5-10bp 
5_88 87407 88426 44.8 340 ATG GGAG/GAGG 5-10bp 
5_89 88410 89213 38.2 268 ATG GGA/GAG/AGG 5-10bp 
5_90 89234 89959 38.3 242 ATG AGGA 5-10bp 
5_91 90026 90898 42.3 291 GTG GGAGG 5-10bp 
5_92 91168 92490 43.5 441 TTG AGGAGG 5-10bp 
5_93 92496 92873 41.8 126 TTG GGAG/GAGG 5-10bp 
5_94 93058 95133 34.4 692 ATG GGAGG 5-10bp 
5_95 95284 95766 38.5 161 ATG AGxAGG/AGGxGG 5-10bp 
5_96 95877 97961 34.1 695 ATG GGxGG 5-10bp 
5_97 97951 98592 39.4 214 ATG GGAG/GAGG 5-10bp 
5_98 98695 101718 41.1 1008 ATG AGGAG 5-10bp 
5_99 101917 102405 42.9 163 ATG AGGAG 5-10bp 
5_100 102420 102647 39.9 76 ATG GGAG/GAGG 5-10bp 
5_101 102647 103411 46.4 255 ATG GGA/GAG/AGG 11-12bp 
5_102 103543 104391 42.3 283 ATG GGA/GAG/AGG 11-12bp 
5_103 104473 104784 40.4 104 TTG GGAG/GAGG 5-10bp 
5_104 104806 105330 39.6 175 ATG GGAG/GAGG 5-10bp 
5_105 105342 106070 43.3 243 GTG GGA/GAG/AGG 5-10bp 
5_106 106155 107528 43.4 458 ATG GGxGG 5-10bp 
5_107 107922 108764 40.8 281 TTG GGxGG 5-10bp 
5_108 108751 109167 42.2 139 ATG None None 
5_109 109368 110066 45.5 233 ATG AGxAGG/AGGxGG 5-10bp 
5_110 110080 110826 41.9 249 ATG GGAGG 5-10bp 
5_111 110842 111654 38.9 271 ATG AGGA 5-10bp 
5_112 112057 113001 37.7 315 ATG AGxAGG/AGGxGG 5-10bp 
5_113 113005 114030 36.8 342 ATG GGA/GAG/AGG 5-10bp 
5_114 114034 115026 34.9 331 ATG GGA/GAG/AGG 5-10bp 
5_115 115123 115788 38.4 222 TTG AGGAGG 5-10bp 
5_116 115811 116587 39.8 259 ATG GGAG/GAGG 5-10bp 
5_117 116621 117352 39.9 244 ATG AGxAGG/AGGxGG 11-12bp 
5_118 117358 118128 36.6 257 GTG GGAGG 5-10bp 
5_119 118154 119323 32.6 390 ATG GGA/GAG/AGG 5-10bp 
5_120 119377 120714 35.3 446 ATG GGxGG 5-10bp 
5_121 120717 121880 35.9 388 ATG AGGA 5-10bp 
5_122 121893 122504 34 204 ATG AGxAGG/AGGxGG 5-10bp 
5_123 122518 123531 34.4 338 TTG GGAG/GAGG 5-10bp 
5_124 123544 124509 36 322 ATG GGA/GAG/AGG 5-10bp 
5_125 124521 125651 37.2 377 TTG AGxAGG/AGGxGG 5-10bp 
5_126 125668 126507 40.1 280 ATG AGGAG 5-10bp 
5_127 126598 127584 39.2 329 ATG AGGA 5-10bp 
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5_129 128170 129042 40.7 291 ATG AGGAG 5-10bp 
5_130 129161 129676 37 172 ATG GGAG/GAGG 5-10bp 
5_131 129959 130690 38.7 244 ATG GGAG/GAGG 5-10bp 
5_132 130808 131671 43.4 288 ATG AGGAG 5-10bp 
5_133 131950 133752 46.1 601 ATG GGA/GAG/AGG 5-10bp 
5_134 133812 134564 40.6 251 ATG GGAG/GAGG 5-10bp 
5_135 134662 135654 39.1 331 ATG AGxAGG/AGGxGG 5-10bp 
5_136 135671 136594 39.6 308 ATG GGAG/GAGG 5-10bp 
5_137 136606 137613 38.9 336 ATG GGAG/GAGG 5-10bp 
5_138 137613 138248 36.5 212 TTG AGGAG 5-10bp 
5_139 138274 139062 36.2 263 TTG GGAG/GAGG 5-10bp 
5_140 139222 140262 42 347 ATG GGAG/GAGG 5-10bp 
5_141 140276 141151 39.2 292 ATG GGA/GAG/AGG 5-10bp 
5_142 141233 142414 36 394 ATG AGGA 5-10bp 
5_143 142417 143451 39.5 345 ATG AGGA 5-10bp 
5_144 143539 144966 39.5 476 ATG None None 
5_145 144969 146084 38.3 372 ATG GGAGG 5-10bp 
5_146 146223 147380 37.7 386 GTG AGGAGG 5-10bp 
5_147 147396 147776 35.7 127 ATG None None 
5_148 147939 149621 32.1 561 ATG GGAG/GAGG 5-10bp 
5_149 149654 150586 39 311 ATG GGAG/GAGG 5-10bp 
5_150 150586 153129 38.6 848 ATG AGxAGG/AGGxGG 5-10bp 
5_151 153114 154853 36.4 580 GTG GGAGG 5-10bp 
5_152 155184 156575 44.1 464 ATG GGA/GAG/AGG 5-10bp 
5_153 156687 159659 35.9 991 ATG GGA/GAG/AGG 5-10bp 
5_154 159974 162310 38.1 779 ATG AGGAGG 5-10bp 
5_155 162643 164601 45.3 653 ATG AGGA 5-10bp 
5_156 164622 165536 41.3 305 ATG AGGAGG 5-10bp 
5_157 165536 166291 43.4 252 ATG GGAG/GAGG 5-10bp 
5_158 166498 167841 46.7 448 ATG AGGAGG 5-10bp 
5_159 167853 168119 39.7 89 ATG AGxAGG/AGGxGG 5-10bp 
5_160 168805 170163 43 453 ATG AGGA 5-10bp 
5_161 170166 170600 37.9 145 ATG AGGA 5-10bp 
5_162 170644 171651 38.8 336 ATG GGAG/GAGG 5-10bp 
5_163 171710 172432 40.5 241 ATG 3Base/5BMM 13-15bp 
5_164 172564 172905 44.4 114 ATG AGGAGG 5-10bp 
5_165 173134 173370 34.6 79 ATG AGxAGG/AGGxGG 5-10bp 
5_166 173503 173937 36.6 145 ATG GGxGG 5-10bp 
5_167 173927 175276 41.5 450 ATG AGxAGG/AGGxGG 5-10bp 
5_168 175360 176418 40.8 353 GTG AGGAG/GGAGG 11-12bp 
5_169 176436 177203 41.7 256 TTG GGAG/GAGG 5-10bp 
5_170 177292 177546 34.9 85 ATG GGAG/GAGG 5-10bp 
5_171 177643 177963 43.9 107 ATG GGAG/GAGG 5-10bp 
5_172 177964 178383 37.9 140 ATG GGA/GAG/AGG 5-10bp 
5_173 178485 179363 43.2 293 TTG AGxAG 5-10bp 
5_174 179458 180480 45.4 341 ATG AGGAGG 5-10bp 
5_175 180553 187536 40.5 2328 ATG AGGAG 5-10bp 
5_176 187621 187938 39.9 106 ATG AGGAG 5-10bp 
5_177 187950 188267 39.3 106 ATG AGxAGG/AGGxGG 5-10bp 
5_178 188279 189178 42 300 ATG GGAG/GAGG 5-10bp 
5_179 189178 190467 39 430 ATG AGGAG/GGAGG 11-12bp 
5_180 190763 191947 38.5 395 ATG AGGA 5-10bp 
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5_182 192911 194356 41.2 482 ATG GGA/GAG/AGG 5-10bp 
5_183 194446 194994 41.5 183 ATG AGxAGG/AGGxGG 5-10bp 
5_184 195097 197244 41.7 716 ATG GGAG/GAGG 5-10bp 
5_185 197403 197630 40.8 76 ATG GGAGG 5-10bp 
5_186 197787 198263 39 159 ATG AGGAGG 5-10bp 
5_187 198492 199238 40.8 249 TTG 4Base/6BMM 13-15bp 
5_188 199296 200183 38.5 296 ATG AGxAGG/AGGxGG 5-10bp 
5_189 200256 200729 42.2 158 ATG GGA/GAG/AGG 5-10bp 
5_190 200855 201415 45.6 187 ATG GGA/GAG/AGG 3-4bp 
5_191 201412 202392 70.3 327 ATG None None 
5_192 202389 208019 53.3 1877 ATG GGAGG 5-10bp 
5_193 208585 215658 49.4 2358 ATG GGAGG 5-10bp 
5_194 215978 216847 41.6 290 ATG AGxAGG/AGGxGG 5-10bp 
5_195 216900 217094 39 65 ATG None None 
5_196 217178 219970 53.7 931 ATG None None 
5_197 220059 223079 41.1 1007 ATG AGGAGG 11-12bp 
5_198 223368 223847 38.8 160 GTG AGGA 5-10bp 
5_199 224063 225367 43.3 435 ATG AGGA/GGAG/GAGG 11-12bp 
5_200 225483 226289 43.1 269 ATG GGA/GAG/AGG 11-12bp 
5_201 226311 227123 36.9 271 ATG GGxGG 5-10bp 
5_202 227113 228480 40.6 456 ATG AGGAG 5-10bp 
5_203 228470 230335 42.7 622 ATG GGAG/GAGG 5-10bp 
5_204 230337 231050 42.6 238 ATG AGGA 5-10bp 
5_205 231589 232767 41.1 393 TTG GGAG/GAGG 5-10bp 
5_206 233009 233572 45.4 188 ATG GGAGG 5-10bp 
5_207 233591 234415 45.9 275 ATG AGGA 5-10bp 
5_208 234606 234977 40.9 124 ATG AGGAG 5-10bp 
5_209 235042 235836 37 265 ATG None None 
5_210 235923 236609 35.2 229 ATG AGxAGG/AGGxGG 5-10bp 
5_211 236711 237952 42.4 414 TTG AGGAG 5-10bp 
5_212 238946 241609 44.4 888 GTG AGGA 5-10bp 
5_213 241730 242239 47.1 170 ATG AGxAGG/AGGxGG 5-10bp 
5_214 242291 242437 40.1 49 ATG GGA/GAG/AGG 5-10bp 
5_215 243273 244118 46.2 282 ATG AGxAGG/AGGxGG 5-10bp 
5_216 244153 244704 41.5 184 ATG AGGAGG 11-12bp 
5_217 244709 246418 42.9 570 ATG AGGA 5-10bp 
5_218 246411 247241 42.1 277 ATG AGGAGG 5-10bp 
5_219 247310 247810 39.5 167 ATG GGAG/GAGG 5-10bp 
5_220 247961 248791 42.4 277 ATG AGxAGG/AGGxGG 5-10bp 
5_221 248831 251092 43.1 754 ATG GGAGG 5-10bp 
5_222 251283 252548 43 422 ATG None None 
5_223 252705 254003 42.7 433 ATG AGxAGG/AGGxGG 5-10bp 
5_224 254196 254495 46 100 ATG GGAG/GAGG 5-10bp 
5_225 254535 255254 40.1 240 ATG AGxAGG/AGGxGG 5-10bp 
5_226 255542 256891 45 450 TTG GGAG/GAGG 5-10bp 
5_227 257082 258227 34.5 382 ATG AGxAGG/AGGxGG 5-10bp 
5_228 258321 259385 31.9 355 ATG GGAG/GAGG 5-10bp 
5_229 259549 260448 33.9 300 ATG GGA/GAG/AGG 11-12bp 
5_230 260584 261507 46.8 308 ATG GGxGG 5-10bp 
5_231 261521 262348 42 276 ATG GGA/GAG/AGG 5-10bp 
5_232 262511 264316 43 602 ATG AGxAGG/AGGxGG 5-10bp 
5_233 264432 265079 42.1 216 ATG AGxAGG/AGGxGG 5-10bp 
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5_235 266214 266492 41.6 93 GTG GGA/GAG/AGG 5-10bp 
5_236 267044 267280 34.2 79 GTG None None 
5_237 267454 268167 42.3 238 ATG AGGA 5-10bp 
5_238 268174 269430 39.8 419 ATG GGAGG 5-10bp 
5_239 269430 270965 43 512 GTG AGGAG/GGAGG 11-12bp 
5_240 271619 272713 37.6 365 ATG AGGAGG 5-10bp 
5_241 272738 273952 40.2 405 ATG AGxAGG/AGGxGG 5-10bp 
5_242 274242 275114 45.9 291 ATG GGAGG 5-10bp 
5_243 275118 276401 45.9 428 ATG GGAGG 5-10bp 
5_244 276573 278066 43.6 498 ATG AGGA 5-10bp 
5_245 278089 279447 44 453 ATG GGAG/GAGG 5-10bp 
5_246 280058 280909 36.6 284 ATG None None 
5_247 281754 283631 39.7 626 ATG AGGAG 5-10bp 
5_248 283699 285087 45.9 463 TTG AGGA 5-10bp 
5_249 285199 286863 38.4 555 ATG GGA/GAG/AGG 5-10bp 
5_250 286860 288425 35.2 522 GTG GGxGG 5-10bp 
5_251 288578 289195 34.5 206 TTG AGxAGG/AGGxGG 5-10bp 
5_252 289185 289817 32.9 211 ATG None None 
5_253 289896 290489 33.2 198 TTG GGA/GAG/AGG 5-10bp 
5_254 290510 290698 30.7 63 ATG AGGA 5-10bp 
5_255 290736 291158 28.6 141 ATG GGAG/GAGG 5-10bp 
5_256 291386 292306 39.2 307 ATG AGGAGG 5-10bp 
5_257 292429 293313 34.4 295 ATG GGAGG 5-10bp 
5_258 293567 294463 32.9 299 ATG GGA/GAG/AGG 5-10bp 
5_259 294661 295176 34.9 172 ATG GGAGG 5-10bp 
5_260 295282 295731 44.2 150 ATG GGAGG 5-10bp 
5_261 295759 297801 44.2 681 TTG GGA/GAG/AGG 5-10bp 
5_262 298016 298786 41.1 257 ATG AGGA 5-10bp 
5_263 299066 300049 44.2 328 ATG GGAG/GAGG 5-10bp 
5_264 300187 300360 30.5 58 ATG GGAG/GAGG 5-10bp 
5_265 300379 300531 37.9 51 ATG AGGAG 5-10bp 
5_266 300565 300705 31.9 47 ATG AGGAG/GGAGG 11-12bp 
5_267 300882 301640 29.6 253 ATG AGGA 5-10bp 
5_268 301702 302061 31.9 120 ATG GGA/GAG/AGG 5-10bp 
5_269 302360 302566 39.6 69 ATG GGAG/GAGG 5-10bp 
5_270 302728 303258 42.7 177 ATG GGxGG 5-10bp 
5_271 303838 304074 46 79 ATG AGGAGG 5-10bp 
5_272 304096 304650 44.5 185 TTG AGGAGG 5-10bp 
5_273 304687 304977 38.8 97 ATG AGGAGG 11-12bp 
5_274 305317 305952 43.4 212 ATG GGAGG 5-10bp 
5_275 306051 308513 45.6 821 GTG GGAGG 5-10bp 
5_276 308623 310581 45.1 653 GTG None None 
5_277 310602 311819 41.1 406 ATG None None 
5_278 311828 312052 40.9 75 TTG GGAG/GAGG 5-10bp 
5_279 312301 313440 41.6 380 ATG AGGAGG 11-12bp 
5_280 313615 314961 43.5 449 GTG AGGAGG 5-10bp 
5_281 315679 316035 46.8 119 ATG GGAG/GAGG 5-10bp 
5_282 316047 316880 42.4 278 ATG GGAG/GAGG 5-10bp 
5_283 316984 317955 40.6 324 ATG AGGAG(G)/GGAGG 13-15bp 
5_284 317955 318875 42.6 307 ATG AGxAGG/AGGxGG 5-10bp 
5_285 319347 323009 64.1 1221 ATG GGAG/GAGG 5-10bp 
6_1 3 200 45.5 66 TTG AGxAG 3-4bp 
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6_3 997 1122 30.2 42 ATG AGGA 5-10bp 
6_4 1135 1320 36 62 ATG AGGAG 5-10bp 
6_5 1688 2254 41.3 189 GTG AGxAGG/AGGxGG 5-10bp 
6_6 2232 3533 44.2 434 ATG GGAG/GAGG 5-10bp 
6_7 3533 4954 42.3 474 GTG AGGAGG 5-10bp 
6_8 4914 6545 40.6 544 ATG GGA/GAG/AGG 5-10bp 
6_9 6524 6832 36.6 103 ATG GGAG/GAGG 5-10bp 
6_10 6844 7182 37.5 113 ATG AGGAG 5-10bp 
6_11 7353 7946 41.9 198 ATG AGGAGG 5-10bp 
6_12 7959 8927 43.7 323 ATG AGGAGG 5-10bp 
6_13 8931 9137 43 69 ATG GGAG/GAGG 5-10bp 
6_14 9097 9447 37.3 117 ATG AGxAGG/AGGxGG 5-10bp 
6_15 9459 9959 42.5 167 ATG GGAG/GAGG 5-10bp 
6_16 9949 10383 43.4 145 ATG None None 
6_17 10383 10835 43.3 151 ATG GGAGG 5-10bp 
6_18 10810 11211 40 134 ATG GGA/GAG/AGG 5-10bp 
6_19 11204 12232 43.1 343 ATG AGGAG 5-10bp 
6_20 12246 12650 42.5 135 ATG AGGAGG 5-10bp 
6_21 12729 13064 37.5 112 ATG GGAGG 5-10bp 
6_22 13045 13248 38.7 68 TTG GGA/GAG/AGG 5-10bp 
6_23 13238 18190 41.7 1651 ATG AGxAGG/AGGxGG 5-10bp 
6_24 18203 18760 45.3 186 ATG AGGAGG 5-10bp 
6_25 18760 19086 37.6 109 ATG GGAG/GAGG 5-10bp 
6_26 19087 19950 43.2 288 ATG GGxGG 5-10bp 
6_27 19950 20297 40.2 116 ATG GGA/GAG/AGG 5-10bp 
6_28 20294 20644 40.5 117 ATG GGAGG 5-10bp 
6_29 20637 21842 42 402 ATG GGAGG 5-10bp 
6_30 21839 22399 41.2 187 ATG GGAG/GAGG 5-10bp 
6_31 22414 24207 37.5 598 ATG AGGAG 5-10bp 
6_32 24213 24593 39.6 127 ATG AGGAGG 5-10bp 
6_33 24598 24768 38 57 ATG GGA/GAG/AGG 5-10bp 
6_34 24765 25100 40.8 112 ATG AGGAG 5-10bp 
6_35 25104 26393 43.9 430 ATG AGGAG/GGAGG 11-12bp 
6_36 27646 27951 37.3 102 ATG GGAG/GAGG 5-10bp 
6_37 28166 28675 40.4 170 ATG AGGAG(G)/GGAGG 13-15bp 
6_38 28774 29109 39.9 112 TTG AGGAG 5-10bp 
6_39 29428 30474 41.9 349 GTG AGGA 5-10bp 
6_40 30482 32893 42.5 804 ATG AGGA 5-10bp 
6_41 33222 34319 38.3 366 TTG GGA/GAG/AGG 5-10bp 
6_42 34344 34991 41.7 216 ATG GGA/GAG/AGG 5-10bp 
6_43 35040 35513 41.8 158 ATG GGAG/GAGG 5-10bp 
6_44 35710 36060 33.6 117 ATG GGAG/GAGG 5-10bp 
6_45 36079 37038 42.6 320 TTG AGGAG 5-10bp 
6_46 37257 37745 37.2 163 ATG AGGA 5-10bp 
6_47 37764 38651 42.8 296 TTG AGGA 5-10bp 
6_48 38655 39404 42.4 250 ATG GGAG/GAGG 5-10bp 
6_49 39486 39812 37 109 ATG GGA/GAG/AGG 5-10bp 
6_50 39967 42156 42.1 730 GTG GGAG/GAGG 5-10bp 
6_51 42172 42618 42.3 149 GTG GGAG/GAGG 5-10bp 
6_52 42631 43242 41.3 204 ATG GGAG/GAGG 5-10bp 
6_53 43386 44150 42.6 255 ATG GGAG/GAGG 5-10bp 
6_54 44328 44555 36.8 76 TTG GGxGG 5-10bp 
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6_56 45815 46372 38.5 186 ATG AGGAGG 5-10bp 
6_57 46633 47061 40.8 143 ATG AGxAGG/AGGxGG 5-10bp 
6_58 47061 47459 39.8 133 GTG 3Base/5BMM 13-15bp 
6_59 47570 48418 44.2 283 ATG GGA/GAG/AGG 11-12bp 
6_60 48418 49761 42.1 448 ATG GGA/GAG/AGG 5-10bp 
6_61 49758 49985 35.5 76 ATG GGA/GAG/AGG 5-10bp 
6_62 50090 50968 39.9 293 ATG None None 
6_63 50983 51810 40.6 276 ATG AGGA 5-10bp 
6_64 51831 52289 40.1 153 GTG AGGA 5-10bp 
6_65 52348 54027 42.3 560 TTG AGxAGG/AGGxGG 5-10bp 
6_66 54114 54737 41.2 208 ATG GGAG/GAGG 5-10bp 
6_67 54901 55197 36.7 99 ATG GGAG/GAGG 5-10bp 
6_68 55278 55502 38.7 75 ATG AGxAGG/AGGxGG 5-10bp 
6_69 55551 56177 41.3 209 ATG AGxAG 5-10bp 
6_70 56383 57141 38.5 253 TTG AGxAGG/AGGxGG 5-10bp 
6_71 57125 57412 42 96 ATG GGA/GAG/AGG 5-10bp 
6_72 57437 58549 39 371 GTG None None 
6_73 58725 59522 40.7 266 ATG GGAGG 5-10bp 
6_74 59672 60547 41.2 292 ATG AGGAGG 5-10bp 
6_75 61156 62019 40.5 288 ATG 3Base/5BMM 13-15bp 
6_76 62035 62517 40.6 161 ATG AGGA/GGAG/GAGG 11-12bp 
6_77 62501 63391 40.9 297 ATG AGGA/GGAG/GAGG 11-12bp 
6_78 63459 63818 36.1 120 ATG GGAGG 5-10bp 
6_79 63808 64575 37.9 256 ATG GGAG/GAGG 5-10bp 
6_80 64565 65146 42.8 194 ATG None None 
6_81 65196 65921 43 242 ATG AGxAGG/AGGxGG 5-10bp 
6_82 66229 66795 38.4 189 TTG AGGAGG 5-10bp 
6_83 66955 68532 42.9 526 GTG AGGA/GGAG/GAGG 11-12bp 
6_84 68744 69784 37.2 347 ATG GGAG/GAGG 5-10bp 
6_85 69768 71210 38.4 481 GTG AGGA 5-10bp 
6_86 71605 72264 40.5 220 ATG GGA/GAG/AGG 11-12bp 
6_87 72360 73034 41.8 225 ATG GGA/GAG/AGG 11-12bp 
6_88 73110 74303 40.7 398 ATG AGGAGG 5-10bp 
6_89 74397 75707 43.2 437 ATG AGGAG 5-10bp 
6_90 75915 76190 42.4 92 ATG AGGAGG 5-10bp 
6_91 76436 77338 37 301 ATG GGA/GAG/AGG 5-10bp 
6_92 77349 78041 40 231 ATG AGxAGG/AGGxGG 5-10bp 
6_93 78025 79005 37.7 327 ATG 3Base/5BMM 13-15bp 
6_94 79144 79899 38.9 252 ATG GGAGG 5-10bp 
6_95 79915 81903 36.8 663 ATG AGGAGG 5-10bp 
6_96 81931 82722 37.2 264 ATG AGGAG 5-10bp 
6_97 82772 83134 35.8 121 ATG GGAGG 5-10bp 
6_98 83296 84252 37.5 319 ATG GGA/GAG/AGG 5-10bp 
6_99 84268 84582 44.8 105 ATG GGA/GAG/AGG 5-10bp 
6_100 84684 86114 43 477 ATG AGGA 5-10bp 
6_101 86237 86425 39.7 63 ATG AGGAG 5-10bp 
6_102 86464 87273 38.9 270 ATG AGGA 5-10bp 
6_103 87421 88197 43 259 ATG AGxAGG/AGGxGG 5-10bp 
6_104 88178 88501 43.2 108 ATG GGAGG 5-10bp 
6_105 88515 89483 38.9 323 GTG GGAGG 5-10bp 
6_106 89553 90926 40.9 458 GTG AGGA/GGAG/GAGG 11-12bp 
6_107 91005 91772 37.4 256 ATG GGA/GAG/AGG 5-10bp 








Start           End 








6_109 93435 95969 41 845 ATG AGxAGG/AGGxGG 5-10bp 
6_110 96083 97105 42.7 341 ATG AGGAG 5-10bp 
6_111 97110 98186 44.2 359 TTG AGGA 5-10bp 
6_112 98191 99183 41.9 331 ATG GGA/GAG/AGG 5-10bp 
6_113 99306 100250 45.2 315 TTG GGA/GAG/AGG 5-10bp 
6_114 100510 103305 39.5 932 ATG None None 
6_115 103353 103850 37.1 166 ATG GGAG/GAGG 5-10bp 
6_116 103868 105055 41.2 396 ATG GGA/GAG/AGG 5-10bp 
6_117 105074 106375 40.4 434 GTG AGGAGG 5-10bp 
6_118 106443 107162 36.9 240 ATG AGGA 5-10bp 
6_119 107149 107790 43.8 214 ATG AGGAGG 5-10bp 
6_120 107912 109183 39.8 424 TTG GGAG/GAGG 5-10bp 
6_121 109379 111694 43.1 772 ATG AGxAG 5-10bp 
6_122 111907 112509 41.6 201 ATG AGGAG(G)/GGAGG 13-15bp 
6_123 112642 113190 38.1 183 GTG GGAG/GAGG 5-10bp 
6_124 113562 113780 31.5 73 ATG GGAG/GAGG 5-10bp 
6_125 114087 114401 35.9 105 ATG AGGA 5-10bp 
6_126 114638 114790 28.1 51 ATG AGGA 5-10bp 
6_127 114842 115183 38 114 ATG GGAG/GAGG 5-10bp 
6_128 115684 116820 41.3 379 ATG AGGA 5-10bp 
6_129 116817 117194 37.6 126 ATG GGA/GAG/AGG 5-10bp 
6_130 117306 117677 35.2 124 GTG GGA/GAG/AGG 5-10bp 
6_131 117729 119513 42.5 595 ATG None None 
6_132 119680 120129 36.7 150 ATG AGxAGG/AGGxGG 11-12bp 
6_133 120154 121059 42.6 302 TTG AGGA 5-10bp 
6_134 121217 121759 42.2 181 TTG GGAGG 5-10bp 
6_135 121898 123178 42.1 427 ATG GGAG/GAGG 5-10bp 
6_136 123287 124219 40.9 311 ATG None None 
6_137 124216 125493 42 426 ATG AGGAGG 5-10bp 
6_138 125495 126580 43.5 362 ATG AGGAGG 5-10bp 
6_139 126573 129749 42.5 1059 ATG AGGA 5-10bp 
6_140 129763 130701 43.3 313 ATG GGAGG 5-10bp 
6_141 130691 131407 43.4 239 ATG GGAGG 5-10bp 
6_142 131423 132049 41.6 209 ATG AGGA 5-10bp 
6_143 132199 133140 39 314 ATG AGxAGG/AGGxGG 5-10bp 
6_144 133568 134518 38.5 317 ATG AGGA 5-10bp 
6_145 134713 135639 41.3 309 ATG GGAG/GAGG 5-10bp 
6_146 135852 136610 39.9 253 ATG GGAG/GAGG 5-10bp 
6_147 136733 137269 38 179 TTG GGAG/GAGG 5-10bp 
6_148 137385 138545 41.6 387 ATG GGAG/GAGG 5-10bp 
6_149 138617 139402 40.8 262 ATG GGAG/GAGG 5-10bp 
6_150 139473 140384 42.7 304 ATG GGAG/GAGG 5-10bp 
6_151 140688 141155 37.6 156 ATG None None 
6_152 141171 142010 40.4 280 ATG GGA/GAG/AGG 5-10bp 
6_153 142099 143022 40.8 308 ATG AGGAGG 5-10bp 
6_154 143367 144641 34.8 425 ATG GGxGG 5-10bp 
6_155 145257 147212 33.8 652 ATG AGGAGG 5-10bp 
6_156 147184 148458 36.8 425 ATG GGAG/GAGG 5-10bp 
6_157 148473 149747 37.9 425 ATG GGA/GAG/AGG 5-10bp 
6_158 150008 150445 42 146 ATG AGGAG 5-10bp 
6_159 150512 152485 40.8 658 ATG AGGA 5-10bp 
6_160 152502 154937 41.8 812 ATG AGGAG 5-10bp 
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6_162 156895 157758 39.5 288 ATG AGxAGG/AGGxGG 5-10bp 
6_163 157821 158654 36.3 278 ATG AGGAGG 5-10bp 
6_164 158641 159225 38.6 195 ATG GGAGG 5-10bp 
6_165 159328 160290 40.8 321 ATG AGxAGG/AGGxGG 5-10bp 
6_166 160453 160578 32.5 42 ATG AGxAGG/AGGxGG 5-10bp 
6_167 160812 161639 38.5 276 TTG GGAGG 5-10bp 
6_168 161810 162103 38.4 98 ATG AGGAG 5-10bp 
6_169 162171 162800 40.2 210 TTG AGGAGG 5-10bp 
6_170 162875 163747 39.3 291 ATG GGAG/GAGG 5-10bp 
6_171 163904 165328 41.1 475 ATG AGGAG/GGAGG 11-12bp 
6_172 165349 165891 41.4 181 ATG AGGAGG 5-10bp 
6_173 165908 166807 40.3 300 ATG AGGAG 5-10bp 
6_174 167036 168349 42.8 438 ATG AGGAG 5-10bp 
6_175 168365 170479 41 705 ATG GGAG/GAGG 5-10bp 
6_176 170629 171489 39.5 287 ATG GGAG/GAGG 5-10bp 
6_177 171532 172296 42.2 255 TTG GGxGG 5-10bp 
6_178 172361 173215 40.2 285 ATG AGGA 5-10bp 
6_179 173268 173795 39.4 176 ATG 3Base/5BMM 13-15bp 
6_180 173898 175352 39.5 485 GTG GGAG/GAGG 5-10bp 
6_181 175353 175574 35.6 74 ATG GGA/GAG/AGG 5-10bp 
6_182 175589 176191 39 201 ATG AGxAGG/AGGxGG 11-12bp 
6_183 176193 177137 38 315 TTG AGxAGG/AGGxGG 5-10bp 
6_186 178443 179399 39 319 ATG GGAGG 5-10bp 
6_187 179448 181328 39.4 627 ATG AGGA 5-10bp 
6_188 181329 182540 40.7 404 ATG GGA/GAG/AGG 5-10bp 
6_189 182819 183691 40 291 ATG GGA/GAG/AGG 5-10bp 
6_190 183905 184738 37.5 278 ATG GGAG/GAGG 5-10bp 
6_191 184775 186034 39.6 420 ATG GGxGG 5-10bp 
6_192 186117 187193 44.2 359 ATG AGxAGG/AGGxGG 5-10bp 
6_193 187211 187990 43.5 260 ATG GGxGG 5-10bp 
6_194 187987 188910 41.5 308 ATG GGA/GAG/AGG 5-10bp 
6_195 188910 190073 40.3 388 ATG GGA/GAG/AGG 3-4bp 
6_196 190079 190789 43.6 237 ATG None None 
6_197 190835 192124 41.1 430 ATG GGAGG 5-10bp 
6_198 192614 193606 41.8 331 ATG GGAGG 5-10bp 
6_199 193766 195526 41.9 587 ATG AGGAG/GGAGG 11-12bp 
6_200 195640 196602 44.8 321 ATG GGAG/GAGG 5-10bp 
6_201 196731 200036 39.9 1102 TTG AGxAGG/AGGxGG 5-10bp 
6_202 200255 200452 40.9 66 ATG GGAG/GAGG 5-10bp 
6_203 200488 203067 42.9 860 TTG GGAG/GAGG 5-10bp 
6_204 203139 204383 41.8 415 ATG AGGAG 5-10bp 
6_205 204402 205517 41 372 ATG GGA/GAG/AGG 5-10bp 
6_206 205510 206208 39.8 233 ATG None None 
6_207 206389 207513 42.3 375 TTG GGAGG 5-10bp 
6_208 207528 209363 40.1 612 GTG AGGA/GGAG/GAGG 11-12bp 
6_209 209675 211753 40.5 693 ATG AGGAGG 5-10bp 
6_210 211753 212670 41.5 306 ATG GGAGG 5-10bp 
6_211 212978 213760 39.6 261 ATG GGxGG 5-10bp 
6_212 213816 214718 40.8 301 TTG GGA/GAG/AGG 5-10bp 
6_213 214742 215152 41.1 137 ATG 3Base/5BMM 13-15bp 
6_214 215136 215615 39.4 160 ATG GGAG/GAGG 5-10bp 
6_215 215618 216601 43.6 328 TTG GGAG/GAGG 5-10bp 
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6_217 217192 217377 40.9 62 ATG GGAGG 5-10bp 
6_218 217657 218472 41.8 272 ATG GGAGG 5-10bp 
6_219 218531 219433 42.5 301 ATG GGAG/GAGG 5-10bp 
6_220 219449 220399 35.9 317 ATG GGxGG 5-10bp 
6_221 220396 221175 40 260 ATG GGAG/GAGG 5-10bp 
6_222 221172 222191 38.5 340 ATG AGGA 5-10bp 
6_223 222208 223080 43.4 291 ATG AGGA 5-10bp 
6_224 223308 225074 41.5 589 ATG AGxAGG/AGGxGG 5-10bp 
6_225 225090 226367 41.6 426 ATG AGGAGG 5-10bp 
6_226 226656 226856 34.3 67 ATG GGA/GAG/AGG 11-12bp 
6_227 226856 227350 37 165 ATG GGAGG 5-10bp 
6_228 227857 227973 31.6 39 ATG AGxAGG/AGGxGG 11-12bp 
6_229 227966 228241 39.5 92 ATG AGGA 5-10bp 
6_230 228243 229322 43.1 360 ATG GGAGG 5-10bp 
6_231 229334 230266 41.3 311 ATG AGGAGG 5-10bp 
6_232 230268 230627 36.4 120 ATG AGGA 5-10bp 
6_233 230611 230805 41.5 65 ATG GGA/GAG/AGG 5-10bp 
6_234 230807 231190 38.3 128 ATG AGGA 5-10bp 
6_235 231232 231495 35.6 88 ATG AGGAGG 5-10bp 
6_236 231497 231925 31.9 143 ATG AGGAG/GGAGG 11-12bp 
6_237 231942 236000 38 1353 ATG GGAG/GAGG 5-10bp 
6_238 235997 236782 37.5 262 ATG AGGAG 5-10bp 
6_239 236794 240027 40.6 1078 ATG AGGAGG 5-10bp 
6_240 240011 240388 37.8 126 ATG None None 
6_241 240424 240756 40.8 111 ATG GGAGG 5-10bp 
6_242 240760 241320 43.1 187 ATG AGGAG 5-10bp 
6_243 241334 241711 35.7 126 ATG GGA/GAG/AGG 5-10bp 
6_244 241708 242097 42.8 130 ATG GGAG/GAGG 5-10bp 
6_245 242084 242350 39.3 89 GTG 3Base/5BMM 13-15bp 
6_246 242353 242706 44.4 118 TTG AGxAGG/AGGxGG 5-10bp 
6_247 242719 243708 40.1 330 ATG AGGAGG 5-10bp 
6_248 243724 244266 39.8 181 ATG GGAGG 5-10bp 
6_249 244453 244707 32.2 85 ATG GGA/GAG/AGG 5-10bp 
6_250 244713 246440 38.1 576 ATG None None 
6_251 246433 247959 40.1 509 GTG AGxAGG/AGGxGG 5-10bp 
6_252 247959 249206 39.1 416 ATG AGGA/GGAG/GAGG 11-12bp 
6_253 249196 249705 36.9 170 GTG AGxAGG/AGGxGG 5-10bp 
6_254 249777 250757 36.8 327 ATG GGA/GAG/AGG 5-10bp 
6_255 250741 251256 35.9 172 GTG AGGAG/GGAGG 11-12bp 
6_256 251618 252850 31 411 ATG GGAGG 5-10bp 
6_257 252973 253437 39.4 155 ATG GGAGG 5-10bp 
7_1 3 2228 57.6 742 Edge None None 
7_2 2251 3003 42.6 251 GTG AGxAG 5-10bp 
7_3 3205 3453 41.4 83 ATG AGGAG 5-10bp 
7_4 3497 3976 40.4 160 ATG GGAGG 5-10bp 
7_5 4068 4499 40.5 144 ATG AGGAGG 5-10bp 
7_6 5033 5290 37.2 86 ATG AGxAGG/AGGxGG 5-10bp 
7_7 5366 6049 39.3 228 ATG GGA/GAG/AGG 5-10bp 
7_8 6259 6768 39.8 170 ATG 4Base/6BMM 13-15bp 
7_9 6798 7169 39.8 124 ATG GGAG/GAGG 5-10bp 
7_10 7181 7399 35.2 73 ATG AGGAG 5-10bp 
7_11 7413 7667 46.3 85 ATG AGGAGG 5-10bp 
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7_13 9855 10268 38.4 138 ATG AGGAG 5-10bp 
7_14 10265 11173 39.5 303 ATG AGGA 5-10bp 
7_15 11313 12932 42.3 540 ATG AGGAG 5-10bp 
7_16 12995 13963 41.4 323 ATG AGGAG 5-10bp 
7_17 14150 14737 44.4 196 TTG AGGA 5-10bp 
7_18 14768 15367 41.3 200 GTG AGxAGG/AGGxGG 5-10bp 
7_19 15539 16159 40.9 207 TTG AGGAG 5-10bp 
7_20 16164 17489 43.7 442 ATG GGxGG 5-10bp 
7_21 17633 18790 40.9 386 ATG GGAG/GAGG 5-10bp 
7_22 18930 21155 41.3 742 TTG GGA/GAG/AGG 5-10bp 
7_23 21171 23183 42.7 671 ATG GGAG/GAGG 5-10bp 
7_24 23183 24331 41.3 383 ATG AGGAGG 5-10bp 
7_25 24407 24709 41.6 101 ATG AGxAGG/AGGxGG 5-10bp 
7_26 24713 26176 43.1 488 ATG AGGA 5-10bp 
7_27 26176 27609 43.9 478 ATG GGxGG 5-10bp 
7_28 27638 28660 42.7 341 ATG GGAG/GAGG 5-10bp 
7_29 28780 29625 37.9 282 ATG AGGAG 5-10bp 
7_31 30099 30749 41 217 ATG GGAG/GAGG 5-10bp 
7_32 30767 31804 45.4 346 ATG GGAG/GAGG 5-10bp 
7_33 31959 33275 41.3 439 ATG GGAGG 5-10bp 
7_34 33361 33765 39.5 135 ATG GGA/GAG/AGG 5-10bp 
7_35 33840 35210 43.1 457 ATG GGAG/GAGG 5-10bp 
7_36 36699 37439 40.2 247 ATG GGAG/GAGG 5-10bp 
7_37 37445 39391 36.8 649 ATG GGAG/GAGG 5-10bp 
7_38 39525 40310 41.3 262 GTG AGxAGG/AGGxGG 5-10bp 
7_39 40323 41240 39 306 ATG AGGAG 5-10bp 
7_40 41250 42251 44 334 ATG GGA/GAG/AGG 5-10bp 
7_41 42244 43230 43.1 329 ATG AGxAGG/AGGxGG 5-10bp 
7_42 43245 43670 42 142 ATG AGxAGG/AGGxGG 5-10bp 
7_43 43809 44666 29.8 286 ATG AGxAGG/AGGxGG 5-10bp 
7_44 44840 45472 39.3 211 ATG GGAG/GAGG 5-10bp 
7_45 45451 46017 33.5 189 TTG AGxAGG/AGGxGG 5-10bp 
7_46 46151 47059 43.7 303 ATG None None 
7_47 47246 47764 37.8 173 ATG GGAG/GAGG 5-10bp 
7_48 47800 48309 42 170 ATG AGGAG 5-10bp 
7_49 48369 49247 42.7 293 ATG GGAGG 5-10bp 
7_50 49370 50362 42.9 331 ATG GGAG/GAGG 5-10bp 
7_51 50494 50820 40.4 109 TTG AGGA 5-10bp 
7_52 50823 51134 40.1 104 ATG GGxGG 5-10bp 
7_53 51185 51958 39.5 258 ATG GGAGG 5-10bp 
7_54 52299 53495 40.8 399 ATG GGA/GAG/AGG 5-10bp 
7_55 53567 54661 41.2 365 ATG GGAG/GAGG 5-10bp 
7_56 54803 55408 41.1 202 GTG GGAG/GAGG 5-10bp 
7_57 55427 56647 41.4 407 TTG GGAG/GAGG 5-10bp 
7_58 56766 57293 32 176 ATG GGAG/GAGG 5-10bp 
7_59 57412 57678 38.6 89 ATG AGGAGG 5-10bp 
7_60 58451 58837 41.6 129 ATG GGAG/GAGG 5-10bp 
7_61 58905 59330 39.2 142 ATG GGA/GAG/AGG 11-12bp 
7_62 59500 60147 41.7 216 ATG AGGA 5-10bp 
7_63 60328 61335 40.8 336 ATG AGGA 5-10bp 
7_64 61394 62230 39.2 279 ATG GGAGG 5-10bp 
7_65 62230 62541 41.3 104 ATG AGGA 5-10bp 
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7_67 63772 64662 34.9 297 ATG AGGA 5-10bp 
7_68 64646 65365 34.2 240 ATG AGxAGG/AGGxGG 5-10bp 
7_69 65367 66503 35 379 ATG AGGA 5-10bp 
7_70 66481 67086 38.8 202 ATG AGxAGG/AGGxGG 5-10bp 
7_71 67138 67506 41.5 123 ATG GGAGG 5-10bp 
7_72 67731 68738 39.7 336 ATG GGA/GAG/AGG 11-12bp 
7_73 68750 70006 42.1 419 ATG GGA/GAG/AGG 5-10bp 
7_74 70072 70485 36.2 138 ATG GGAG/GAGG 5-10bp 
7_75 70703 71824 33.5 374 ATG GGAGG 5-10bp 
7_76 71902 72837 35.7 312 ATG AGGAG 5-10bp 
7_77 72896 73315 31.2 140 GTG None None 
7_78 73329 73670 33.6 114 ATG None None 
7_79 74145 74348 36.8 68 ATG GGA/GAG/AGG 5-10bp 
7_80 74396 75115 41.4 240 ATG AGGAG 5-10bp 
7_81 75152 75478 43.1 109 ATG AGGAG 5-10bp 
7_82 75494 75721 43.9 76 ATG AGGA 5-10bp 
7_83 75763 76077 41.6 105 GTG GGAGG 5-10bp 
7_84 76083 76340 37.2 86 ATG AGGA 5-10bp 
7_85 76278 76502 37.8 75 ATG AGGAGG 5-10bp 
7_86 76562 76729 37.5 56 ATG AGxAGG/AGGxGG 11-12bp 
7_87 76743 76997 34.9 85 ATG AGGAG 5-10bp 
7_88 76981 77160 52.8 60 ATG AGxAGG/AGGxGG 5-10bp 
7_89 77235 77510 36.6 92 ATG GGAG/GAGG 5-10bp 
7_90 77500 77769 40 90 ATG AGxAGG/AGGxGG 5-10bp 
7_91 77772 78653 38.8 294 ATG AGGAGG 5-10bp 
7_92 78663 79370 38.6 236 ATG AGxAGG/AGGxGG 5-10bp 
7_93 79367 79786 39 140 ATG AGGAG 5-10bp 
7_94 79798 79941 36.1 48 ATG AGGAG 5-10bp 
7_95 80011 80772 38.7 254 ATG GGA/GAG/AGG 5-10bp 
7_96 80769 81575 38.7 269 ATG GGAG/GAGG 5-10bp 
7_97 81579 81821 40.3 81 ATG GGAG/GAGG 5-10bp 
7_98 81796 82080 40 95 TTG AGxAGG/AGGxGG 5-10bp 
7_99 82068 82685 38.8 206 ATG AGGAG 5-10bp 
7_100 82690 82944 35.7 85 ATG None None 
7_101 82958 83053 47.9 32 ATG AGGAG 5-10bp 
7_102 83144 83290 40.8 49 ATG GGAGG 5-10bp 
7_103 83295 83849 37.5 185 ATG GGAGG 5-10bp 
7_104 83846 84067 31.5 74 ATG GGAGG 5-10bp 
7_105 84067 84549 37.1 161 ATG AGGAGG 5-10bp 
7_106 84705 84875 37.4 57 ATG AGGAG 5-10bp 
7_107 84872 85273 42.8 134 ATG AGxAG 5-10bp 
7_108 85639 85863 39.6 75 ATG AGGAG 5-10bp 
7_109 85860 86054 32.3 65 ATG AGxAGG/AGGxGG 5-10bp 
7_110 86139 86597 38.3 153 ATG GGAG/GAGG 5-10bp 
7_111 86962 87222 38.7 87 ATG AGGAGG 5-10bp 
7_112 87224 87379 33.3 52 ATG AGGA/GGAG/GAGG 11-12bp 
7_113 87419 88258 41.2 280 GTG AGxAGG/AGGxGG 5-10bp 
7_114 88251 89558 39.5 436 ATG AGGAG 5-10bp 
7_115 89571 91106 40.9 512 TTG AGGAGG 5-10bp 
7_116 91127 92650 38.3 508 ATG GGA/GAG/AGG 5-10bp 
7_117 92625 92846 29.7 74 GTG AGGAG 5-10bp 
7_118 92986 93564 39.7 193 ATG AGGAG 5-10bp 
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7_120 94472 94861 41.3 130 ATG GGA/GAG/AGG 11-12bp 
7_121 94855 95220 41 122 ATG None None 
7_122 95220 95579 46.9 120 ATG GGAGG 5-10bp 
7_123 95580 95981 38.3 134 ATG GGxGG 5-10bp 
7_124 95993 96556 46.8 188 ATG AGGAGG 5-10bp 
7_125 96609 97067 36.2 153 ATG GGAGG 5-10bp 
7_126 97073 97717 40.8 215 ATG GGA/GAG/AGG 5-10bp 
7_127 97722 102116 42.3 1465 ATG AGGA 5-10bp 
7_128 102109 102927 40.2 273 TTG AGGAG/GGAGG 11-12bp 
7_129 102940 104715 39.5 592 ATG AGGAG 5-10bp 
7_130 104732 107395 37.4 888 ATG AGGAG 5-10bp 
7_131 107438 107812 37.6 125 ATG AGGA 5-10bp 
7_132 107819 108013 40 65 TTG GGAG/GAGG 5-10bp 
7_133 108000 108341 43 114 ATG AGxAGG/AGGxGG 5-10bp 
7_134 108346 109530 45.8 395 ATG AGGAGG 5-10bp 
7_135 109858 110289 39.1 144 ATG AGGA 5-10bp 
7_136 110412 111869 42.8 486 ATG AGxAGG/AGGxGG 5-10bp 
7_137 111995 112600 40.1 202 ATG 4Base/6BMM 13-15bp 
7_138 112620 113054 46.7 145 ATG GGA/GAG/AGG 5-10bp 
7_139 113281 115017 44.4 579 ATG AGGA/GGAG/GAGG 11-12bp 
7_140 115039 115350 38.1 104 ATG AGGA 5-10bp 
7_141 115371 115970 44.3 200 ATG AGxAGG/AGGxGG 5-10bp 
7_142 115976 116224 37.3 83 GTG GGA/GAG/AGG 11-12bp 
7_143 116349 116981 45 211 GTG None None 
7_144 116992 117315 44.4 108 ATG GGA/GAG/AGG 5-10bp 
7_145 117438 118430 40.4 331 ATG None None 
7_146 118452 118802 39.9 117 GTG GGA/GAG/AGG 5-10bp 
7_147 118802 119683 43.7 294 ATG GGAG/GAGG 5-10bp 
7_148 119698 120438 40.8 247 ATG AGGA/GGAG/GAGG 11-12bp 
7_149 120488 121465 44.7 326 ATG AGGA 5-10bp 
7_150 121670 122392 39.8 241 ATG 4Base/6BMM 13-15bp 
7_151 122376 122978 36.2 201 ATG GGA/GAG/AGG 5-10bp 
7_152 122957 123988 42.1 344 ATG GGA/GAG/AGG 5-10bp 
7_153 124530 126488 41 653 ATG AGxAGG/AGGxGG 5-10bp 
7_154 126658 127287 43 210 ATG AGGAG 5-10bp 
7_155 127325 127963 39.1 213 ATG AGGA 5-10bp 
7_156 128171 128455 40.4 95 GTG GGAGG 5-10bp 
7_157 128503 130119 42.4 539 ATG GGAG/GAGG 5-10bp 
7_158 130294 132123 41.7 610 ATG 3Base/5BMM 13-15bp 
7_159 132269 133381 41.5 371 ATG GGAG/GAGG 5-10bp 
7_160 133427 134074 44.8 216 TTG None None 
7_161 134228 135574 41 449 ATG GGAG/GAGG 5-10bp 
7_162 135552 136244 41.7 231 ATG AGxAG 5-10bp 
7_163 136395 136949 39.3 185 ATG AGGAG 5-10bp 
7_164 137107 139467 42.9 787 ATG AGGA/GGAG/GAGG 11-12bp 
7_165 139660 140658 43.5 333 ATG None None 
7_166 140679 141374 41.2 232 TTG AGGA 5-10bp 
7_167 141355 142242 40.2 296 ATG AGxAGG/AGGxGG 5-10bp 
7_168 142475 143617 41.2 381 TTG AGGA 5-10bp 
7_169 143657 144376 41.8 240 ATG GGA/GAG/AGG 5-10bp 
7_170 144378 145748 42.2 457 ATG 3Base/5BMM 13-15bp 
7_171 145774 146097 40.4 108 ATG GGAG/GAGG 5-10bp 
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7_173 146659 147603 41.5 315 ATG AGxAG 5-10bp 
7_174 147614 148456 42.2 281 TTG GGA/GAG/AGG 5-10bp 
7_175 148530 149456 42.4 309 ATG GGA/GAG/AGG 5-10bp 
7_176 150782 151210 44.1 143 ATG AGGAG 5-10bp 
7_177 151846 152556 37.7 237 GTG AGGA 5-10bp 
7_178 152890 154029 39.6 380 ATG AGGA 5-10bp 
7_179 154140 155867 40.7 576 ATG GGAG/GAGG 5-10bp 
7_180 155992 157992 43.6 667 TTG AGxAGG/AGGxGG 5-10bp 
7_181 158011 160857 43.2 949 GTG AGGA 5-10bp 
7_182 160924 161397 41.4 158 ATG GGAG/GAGG 5-10bp 
7_183 161561 162223 44 221 ATG GGAG/GAGG 5-10bp 
7_184 162237 163127 48.8 297 ATG GGAG/GAGG 5-10bp 
7_185 163237 164124 42.3 296 ATG GGxGG 5-10bp 
7_186 164121 165140 43.2 340 ATG AGGAG(G)/GGAGG 13-15bp 
7_187 165153 166106 40.5 318 ATG GGAG/GAGG 5-10bp 
7_188 166264 167316 43.3 351 ATG AGxAGG/AGGxGG 5-10bp 
7_189 167378 167968 41.3 197 ATG GGAGG 5-10bp 
7_190 168125 168430 39.2 102 ATG GGA/GAG/AGG 5-10bp 
7_191 168421 168552 34.8 44 GTG GGA/GAG/AGG 5-10bp 
7_192 168549 168872 35.2 108 ATG GGA/GAG/AGG 5-10bp 
7_193 169135 170421 40 429 ATG AGGA 5-10bp 
7_194 170767 171795 46 343 ATG GGAG/GAGG 5-10bp 
7_195 171854 172867 42 338 ATG AGGAGG 5-10bp 
7_196 172970 174163 40.5 398 ATG GGAGG 5-10bp 
7_197 174248 175003 40.6 252 GTG AGGA 5-10bp 
7_198 175122 176447 42.8 442 ATG AGGAG/GGAGG 11-12bp 
7_199 176572 178137 39.5 522 ATG AGxAG 3-4bp 
7_200 178225 178461 38 79 TTG AGGAGG 5-10bp 
7_201 178561 180951 40.1 797 ATG GGAG/GAGG 5-10bp 
7_202 180974 181441 37.8 156 ATG AGGA 5-10bp 
7_203 181549 182142 43.4 198 ATG AGxAGG/AGGxGG 5-10bp 
7_204 182477 184642 40 722 ATG AGxAGG/AGGxGG 5-10bp 
7_205 184632 185309 38.9 226 ATG GGA/GAG/AGG 5-10bp 
7_206 185666 186064 42.1 133 ATG AGxAGG/AGGxGG 5-10bp 
7_207 186199 186948 38.5 250 ATG GGAGG 5-10bp 
7_208 187040 188014 37.7 325 ATG AGxAGG/AGGxGG 5-10bp 
7_209 188053 189861 40.4 603 ATG AGxAGG/AGGxGG 5-10bp 
7_210 189907 190536 37.6 210 ATG GGAGG 5-10bp 
7_211 190741 191370 41.3 210 ATG AGxAGG/AGGxGG 11-12bp 
7_212 191407 192225 41.1 273 ATG GGA/GAG/AGG 5-10bp 
7_213 192203 193099 41.6 299 ATG AGGA 5-10bp 
7_214 193115 194482 42.1 456 ATG GGAG/GAGG 5-10bp 
7_215 194494 195510 38.8 339 ATG GGA/GAG/AGG 5-10bp 
7_216 195589 196224 43.7 212 TTG AGGA 5-10bp 
7_217 196239 197255 42.6 339 TTG GGAGG 5-10bp 
7_218 197449 197811 38.6 121 ATG AGGA/GGAG/GAGG 11-12bp 
7_219 197866 198843 44.9 326 ATG GGA/GAG/AGG 11-12bp 
7_220 199065 199574 38.2 170 ATG GGAG/GAGG 5-10bp 
7_221 199583 200440 39.9 286 ATG AGxAGG/AGGxGG 5-10bp 
7_222 200633 201145 35.3 171 ATG AGxAG 5-10bp 
7_223 201188 202825 39.5 546 ATG AGxAGG/AGGxGG 5-10bp 
7_224 203127 205370 41.7 748 TTG GGAG/GAGG 5-10bp 
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7_226 206820 208127 39.3 436 GTG GGxGG 5-10bp 
7_227 208124 208852 44.6 243 ATG AGxAG 5-10bp 
7_228 208892 209818 40.5 309 ATG AGGA/GGAG/GAGG 11-12bp 
7_229 209926 210513 39.3 196 ATG AGxAG 5-10bp 
7_230 210731 211837 45.3 369 TTG AGGAGG 5-10bp 
7_231 212016 213566 43.3 517 TTG GGAGG 5-10bp 
7_232 213624 214352 39.5 243 ATG AGGA 5-10bp 
7_233 214528 216552 41.4 675 ATG GGA/GAG/AGG 11-12bp 
7_234 216869 217357 46.8 163 TTG GGxGG 5-10bp 
7_235 217320 218477 41.9 386 ATG AGGA 5-10bp 
7_236 218501 219796 41.4 432 ATG AGGAG 5-10bp 
7_237 220145 220864 41.1 240 ATG AGGAG(G)/GGAGG 13-15bp 
7_238 220864 221112 36.1 83 ATG AGGAGG 5-10bp 
7_239 221112 221795 41.8 228 ATG GGAGG 5-10bp 
7_240 221795 224020 43.2 742 ATG GGAGG 5-10bp 
7_241 223996 225450 42.5 485 GTG GGAGG 5-10bp 
7_242 225447 226487 43.2 347 ATG AGGA 5-10bp 
7_243 226499 227077 43 193 ATG AGxAGG/AGGxGG 5-10bp 
7_244 227080 228618 41.7 513 GTG AGGAG 5-10bp 
7_245 228639 229934 44.5 432 ATG AGGA/GGAG/GAGG 11-12bp 
7_246 230110 230997 41.2 296 ATG AGGA 5-10bp 
7_247 231126 231335 34.8 70 ATG 4Base/6BMM 13-15bp 
7_248 231740 233437 40.9 566 ATG AGGAGG 5-10bp 
7_249 233817 238094 41.3 1426 ATG GGAGG 5-10bp 
8_1 94 1713 35.2 540 ATG AGGAG 5-10bp 
9_1 259 456 35.4 66 TTG AGxAG 5-10bp 
9_2 961 1143 72.1 61 ATG AGGAG 5-10bp 
10_1 470 850 39.1 127 ATG GGAG/GAGG 5-10bp 
10_2 946 1866 42.1 307 ATG AGGAGG 5-10bp 
10_3 1880 2689 45.7 270 ATG AGGAGG 5-10bp 
10_4 2729 3718 42.7 330 ATG AGGAGG 5-10bp 
10_5 3765 4277 46.4 171 ATG GGA/GAG/AGG 5-10bp 
10_6 4268 4684 43.4 139 ATG AGGAG 5-10bp 
10_7 4843 7608 43 922 ATG AGGA 5-10bp 
10_8 7750 9462 40.9 571 ATG AGxAGG/AGGxGG 5-10bp 
10_9 9516 9947 43.3 144 ATG AGGA 5-10bp 
10_10 10100 10699 44.8 200 ATG GGAG/GAGG 5-10bp 
10_11 10817 11059 29.6 81 ATG AGGA 5-10bp 
10_12 11337 12662 31.5 442 GTG GGA/GAG/AGG 5-10bp 
10_13 12677 13414 33.3 246 ATG GGA/GAG/AGG 5-10bp 
10_14 13653 14540 44 296 TTG AGxAGG/AGGxGG 5-10bp 
10_15 14560 14955 39.4 132 ATG AGxAGG/AGGxGG 5-10bp 
10_16 14974 15879 44 302 ATG AGxAGG/AGGxGG 5-10bp 
10_17 15986 16978 43.4 331 ATG GGAG/GAGG 5-10bp 
10_18 17871 18944 39.7 358 ATG GGxGG 5-10bp 
10_19 18941 19774 40.9 278 ATG AGxAGG/AGGxGG 5-10bp 
10_20 19771 20574 40.7 268 ATG AGxAGG/AGGxGG 5-10bp 
10_21 20585 21673 41.8 363 ATG GGxGG 5-10bp 
10_22 21773 22531 44.3 253 ATG AGGAG 5-10bp 
10_23 22716 23345 44.6 210 TTG None None 
10_24 23433 23996 43.3 188 ATG GGAG/GAGG 5-10bp 
10_25 24122 25006 41 295 ATG GGAGG 5-10bp 
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10_27 26358 26975 39.3 206 ATG GGAG/GAGG 5-10bp 
10_28 27216 27827 43 204 TTG GGAG/GAGG 5-10bp 
10_29 27936 28601 43.7 222 ATG AGGAGG 5-10bp 
10_30 28612 30870 41.7 753 ATG AGxAGG/AGGxGG 5-10bp 
10_31 30981 32000 43.5 340 ATG AGxAGG/AGGxGG 5-10bp 
10_32 32141 32566 43.9 142 ATG GGA/GAG/AGG 5-10bp 
10_33 32623 34473 43.7 617 ATG GGAG/GAGG 5-10bp 
10_34 34674 36017 43.8 448 ATG AGGAGG 5-10bp 
10_35 36082 37608 42.4 509 ATG AGxAGG/AGGxGG 5-10bp 
10_36 37608 38540 43.4 311 ATG GGAG/GAGG 5-10bp 
10_37 38795 40576 41.9 594 ATG AGGAG 5-10bp 
10_38 40579 42312 42.6 578 ATG GGAGG 5-10bp 
10_39 42469 42777 41.4 103 ATG GGA/GAG/AGG 5-10bp 
10_40 42818 43309 37.4 164 ATG AGxAGG/AGGxGG 5-10bp 
10_41 43390 44031 38.5 214 GTG AGxAGG/AGGxGG 5-10bp 
10_42 44044 44484 37.9 147 ATG GGAG/GAGG 5-10bp 
10_43 44627 44896 41.1 90 ATG GGxGG 5-10bp 
10_44 44926 45993 39.5 356 ATG AGGAGG 5-10bp 
10_45 45977 46615 43.7 213 ATG AGGAGG 5-10bp 
10_46 46608 46961 42.7 118 ATG AGxAGG/AGGxGG 5-10bp 
10_47 47118 47312 33.8 65 ATG AGxAG 5-10bp 
10_48 47512 48549 33.1 346 ATG GGA/GAG/AGG 5-10bp 
10_49 48608 49072 32.3 155 ATG GGAG/GAGG 5-10bp 
10_50 49395 49628 39.7 78 ATG AGGAGG 5-10bp 
10_51 49749 50012 41.7 88 ATG AGxAGG/AGGxGG 5-10bp 
10_52 50024 50401 43.7 126 ATG 3Base/5BMM 13-15bp 
10_53 50401 50835 42.8 145 TTG AGxAGG/AGGxGG 5-10bp 
10_54 50989 52476 44.6 496 TTG AGGAG 5-10bp 
10_55 52477 53190 37 238 ATG AGxAGG/AGGxGG 5-10bp 
10_56 53287 53535 37.8 83 ATG AGGA 5-10bp 
10_57 53631 54317 35.4 229 ATG AGxAGG/AGGxGG 5-10bp 
10_58 54404 55198 37.2 265 ATG None None 
10_59 55672 56115 40.5 148 ATG GGA/GAG/AGG 5-10bp 
10_60 56121 56876 39.4 252 ATG AGxAGG/AGGxGG 5-10bp 
10_61 56948 58288 43.9 447 ATG AGGAGG 5-10bp 
10_62 58303 59898 43.9 532 ATG GGA/GAG/AGG 11-12bp 
10_63 60182 60307 36.5 42 ATG GGAG/GAGG 5-10bp 
10_64 60387 60857 39.1 157 ATG GGAG/GAGG 5-10bp 
10_65 60873 61580 44.4 236 GTG AGxAGG/AGGxGG 5-10bp 
10_66 61847 62698 43.3 284 ATG AGxAGG/AGGxGG 5-10bp 
10_67 62719 64635 43.9 639 ATG AGxAGG/AGGxGG 5-10bp 
10_68 64753 66324 41.1 524 ATG GGAGG 5-10bp 
10_69 66373 66855 46.4 161 ATG GGA/GAG/AGG 5-10bp 
10_70 66845 67681 42.9 279 ATG AGxAGG/AGGxGG 5-10bp 
10_71 67839 68624 46.8 262 ATG AGxAGG/AGGxGG 5-10bp 
10_72 68690 69361 42.3 224 ATG GGAG/GAGG 5-10bp 
10_73 69399 71138 39.1 580 ATG GGA/GAG/AGG 5-10bp 
10_74 71217 72959 40.4 581 ATG GGA/GAG/AGG 5-10bp 
10_75 73037 74779 39.6 581 ATG AGxAGG/AGGxGG 5-10bp 
10_76 74818 75567 39.2 250 ATG GGA/GAG/AGG 5-10bp 
10_77 75638 77389 39.7 584 ATG AGxAGG/AGGxGG 5-10bp 
10_78 77404 79146 40 581 ATG AGGA 5-10bp 
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10_80 80054 81013 43.5 320 ATG GGA/GAG/AGG 5-10bp 
10_81 81036 81971 41.8 312 ATG AGGAGG 5-10bp 
10_82 81964 82971 44.1 336 TTG GGxGG 5-10bp 
10_83 83637 85010 45.4 458 ATG AGGAG 5-10bp 
10_84 85086 85547 44.4 154 ATG AGxAGG/AGGxGG 5-10bp 
10_85 85638 87551 44.9 638 ATG GGAG/GAGG 5-10bp 
10_86 87562 88953 44.5 464 ATG GGAGG 5-10bp 
10_87 89146 90159 39.8 338 ATG GGAGG 5-10bp 
10_88 90330 90749 43.3 140 GTG 3Base/5BMM 13-15bp 
10_89 90809 92293 43.6 495 TTG GGA/GAG/AGG 5-10bp 
10_90 92313 92873 41.4 187 ATG GGAG/GAGG 5-10bp 
10_91 93080 94867 42.1 596 ATG AGxAGG/AGGxGG 5-10bp 
10_92 95065 95745 44.8 227 ATG GGAG/GAGG 5-10bp 
10_93 95752 96426 44.9 225 ATG GGxGG 5-10bp 
10_94 96662 96979 43.4 106 ATG GGA/GAG/AGG 5-10bp 
10_95 97481 98752 37.7 424 ATG GGAGG 5-10bp 
10_96 98749 99483 38 245 ATG AGxAGG/AGGxGG 5-10bp 
10_97 99508 99648 44 47 ATG GGAGG 5-10bp 
10_98 99954 100154 42.3 67 ATG AGGAGG 5-10bp 
10_99 100173 100409 41.8 79 ATG GGAGG 5-10bp 
10_100 100631 100906 27.5 92 ATG AGxAG 5-10bp 
10_101 101642 103120 42.4 493 ATG GGAGG 5-10bp 
10_102 103133 105019 43.2 629 ATG GGAG/GAGG 5-10bp 
10_103 105143 105838 41.2 232 TTG GGAG/GAGG 5-10bp 
10_104 105955 106617 39.4 221 ATG AGxAGG/AGGxGG 5-10bp 
10_105 106851 107621 35.1 257 ATG AGGAG 5-10bp 
10_106 107618 108397 36.2 260 ATG GGA/GAG/AGG 5-10bp 
10_107 108394 109320 37 309 ATG GGA/GAG/AGG 5-10bp 
10_108 109412 110533 44.4 374 ATG GGA/GAG/AGG 11-12bp 
10_109 110632 111300 43.6 223 ATG GGAG/GAGG 5-10bp 
10_110 111402 111656 34.5 85 ATG GGA/GAG/AGG 11-12bp 
10_111 111716 112951 43.3 412 GTG GGxGG 5-10bp 
10_112 113077 114357 42.4 427 GTG GGAG/GAGG 5-10bp 
10_113 114587 114754 39.3 56 ATG AGxAGG/AGGxGG 5-10bp 
10_114 114759 116075 40.9 439 ATG AGGAGG 5-10bp 
10_115 116068 117585 42.4 506 ATG GGA/GAG/AGG 5-10bp 
10_116 117604 119958 42.6 785 ATG GGAG/GAGG 5-10bp 
10_117 119959 120852 40.5 298 ATG AGGA 5-10bp 
10_118 120833 122362 42.2 510 ATG AGxAGG/AGGxGG 5-10bp 
10_119 122374 123900 42.1 509 ATG AGxAGG/AGGxGG 5-10bp 
10_120 123921 125150 41 410 ATG None None 
10_121 125417 125635 40.6 73 ATG GGA/GAG/AGG 5-10bp 
10_122 125746 127128 74.3 461 ATG None None 
11_1 1 144 34 48 ATG AGxAGG/AGGxGG 5-10bp 
11_2 487 1242 30 252 ATG AGGA 5-10bp 
11_3 1601 1903 27.4 101 ATG 3Base/5BMM 13-15bp 
11_4 1881 2069 30.7 63 ATG AGGAG 5-10bp 
11_5 2218 3879 41.1 554 GTG AGxAGG/AGGxGG 5-10bp 
11_6 3896 5653 42 586 ATG GGAG/GAGG 5-10bp 
11_7 5719 6666 40.9 316 ATG AGxAGG/AGGxGG 5-10bp 
11_8 6760 8529 41.9 590 ATG AGGA 5-10bp 
11_9 8672 10015 43.8 448 TTG AGGAG/GGAGG 11-12bp 
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11_11 11793 12368 40.3 192 ATG GGA/GAG/AGG 5-10bp 
11_12 12455 12988 43.8 178 ATG GGAG/GAGG 5-10bp 
11_13 13371 13505 37 45 ATG GGA/GAG/AGG 11-12bp 
11_14 13980 14633 39.3 218 ATG AGxAG 5-10bp 
11_15 14832 15521 39.3 230 ATG GGAG/GAGG 5-10bp 
11_16 15511 16866 37.6 452 ATG None None 
11_17 17003 17692 39.7 230 ATG AGGAGG 5-10bp 
11_18 17685 18434 37.7 250 ATG GGAGG 5-10bp 
11_19 18412 19041 37.3 210 ATG GGAGG 5-10bp 
11_20 19236 19541 35 102 ATG AGGAG 5-10bp 
11_21 19793 20356 35.3 188 ATG AGGAG 5-10bp 
11_22 20442 21242 43.9 267 ATG AGxAGG/AGGxGG 5-10bp 
11_23 21242 21901 44.1 220 ATG AGxAG 5-10bp 
11_24 21918 22784 37.4 289 ATG AGGA 5-10bp 
11_25 23094 24119 39.2 342 TTG GGA/GAG/AGG 5-10bp 
11_26 24178 24444 43.4 89 ATG AGGA 5-10bp 
11_27 24531 24806 38.4 92 ATG GGA/GAG/AGG 5-10bp 
11_28 25154 25795 44.2 214 ATG GGAG/GAGG 5-10bp 
11_29 25810 26589 42.2 260 ATG GGAGG 5-10bp 
11_30 26727 27470 42.5 248 ATG GGAG/GAGG 5-10bp 
11_31 27473 28309 41.1 279 ATG GGAGG 5-10bp 
11_32 28321 29088 42.1 256 TTG AGxAGG/AGGxGG 5-10bp 
11_33 29078 29959 42.2 294 ATG AGGAGG 11-12bp 
11_34 29973 30158 43 62 ATG GGAG/GAGG 5-10bp 
11_35 30184 31284 44 367 ATG GGA/GAG/AGG 5-10bp 
11_36 31304 32026 41.5 241 ATG AGxAGG/AGGxGG 5-10bp 
12_1 3143 4111 96.6 323 ATG None None 
13_1 841 2946 40.3 702 ATG GGAGG 5-10bp 
13_2 2992 3573 38.1 194 ATG AGGAG 5-10bp 
13_3 3838 4053 38.9 72 ATG None None 
13_4 4893 7166 42.3 758 TTG AGGA 5-10bp 
13_5 7396 8445 44.1 350 ATG AGGAG 5-10bp 
13_6 8417 9145 40.5 243 ATG GGA/GAG/AGG 5-10bp 
13_7 9132 10334 42.5 401 ATG AGxAGG/AGGxGG 5-10bp 
13_8 10384 11787 43.2 468 TTG AGGA 5-10bp 
13_9 11934 12452 44.1 173 ATG GGA/GAG/AGG 11-12bp 
13_10 12487 13533 41.9 349 TTG GGAG/GAGG 5-10bp 
13_11 13657 14505 37.7 283 GTG GGAG/GAGG 5-10bp 
13_12 14622 15731 42.2 370 ATG GGA/GAG/AGG 5-10bp 
13_13 15744 17372 40 543 ATG AGxAGG/AGGxGG 5-10bp 
13_14 17363 18193 38.5 277 ATG GGAGG 5-10bp 
13_15 18342 19616 40.2 425 ATG AGGA 5-10bp 
13_16 19619 20497 40.3 293 ATG GGAG/GAGG 5-10bp 
13_17 20510 21340 37.5 277 ATG AGGAGG 5-10bp 
13_18 21356 22798 36.5 481 ATG GGAG/GAGG 5-10bp 
13_19 23074 24090 40.6 339 ATG AGGA 5-10bp 
13_20 24203 25129 41.4 309 TTG GGAG/GAGG 5-10bp 
13_21 25173 25973 38.3 267 ATG AGxAGG/AGGxGG 5-10bp 
13_22 26198 32791 42.4 2198 ATG GGAG/GAGG 5-10bp 
13_23 32916 34190 44.8 425 ATG GGAG/GAGG 5-10bp 
13_24 34177 35133 37.8 319 ATG GGAG/GAGG 5-10bp 
13_25 35152 35649 40.6 166 ATG AGxAGG/AGGxGG 5-10bp 
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13_27 37866 38633 41.5 256 ATG AGGA 5-10bp 
13_28 38630 39211 45.2 194 ATG None None 
13_29 39204 40100 41 299 ATG AGGA 5-10bp 
13_30 40193 40426 40.2 78 TTG GGAG/GAGG 5-10bp 
13_31 40536 41894 43.6 453 ATG AGxAG 5-10bp 
13_32 41967 42086 45 40 ATG AGGA 5-10bp 
13_33 42436 43536 42.2 367 ATG AGGA 5-10bp 
13_34 43536 44513 44.4 326 ATG AGGAGG 5-10bp 
13_35 44529 45815 43.7 429 ATG GGA/GAG/AGG 5-10bp 
13_36 45821 47227 44.4 469 ATG AGGA 5-10bp 
13_37 47252 48271 40.4 340 ATG GGAG/GAGG 5-10bp 
13_38 48446 49309 41.4 288 TTG AGxAGG/AGGxGG 11-12bp 
13_39 49366 50241 44.7 292 ATG GGA/GAG/AGG 5-10bp 
13_40 50319 51452 45.1 378 GTG GGAG/GAGG 5-10bp 
13_41 51561 52946 43 462 ATG GGAGG 5-10bp 
13_42 52939 54153 43.5 405 ATG AGGAG 5-10bp 
13_43 54525 55358 42.4 278 TTG GGAGG 5-10bp 
13_44 55509 56909 43.7 467 ATG AGGA/GGAG/GAGG 11-12bp 
13_45 57004 57978 43.1 325 ATG GGAGG 5-10bp 
13_46 58054 58278 42.7 75 ATG GGA/GAG/AGG 5-10bp 
13_47 58540 59211 39.1 224 ATG AGxAGG/AGGxGG 5-10bp 
13_48 59274 60896 40.7 541 TTG GGAG/GAGG 5-10bp 
13_49 60972 61436 43.7 155 ATG AGGA 5-10bp 
13_50 61438 62403 41.8 322 ATG AGGA 5-10bp 
13_51 62498 63607 40.6 370 ATG GGAGG 5-10bp 
13_52 63594 64361 40.1 256 ATG AGxAGG/AGGxGG 5-10bp 
13_53 64455 65459 42.4 335 ATG None None 
13_54 65477 65845 37.9 123 ATG GGA/GAG/AGG 5-10bp 
13_55 65988 67178 37.8 397 ATG GGAG/GAGG 5-10bp 
13_56 67422 68294 31.7 291 ATG GGA/GAG/AGG 5-10bp 
13_57 68384 69070 35.4 229 ATG AGxAGG/AGGxGG 5-10bp 
13_58 69157 69951 37.2 265 ATG None None 
13_59 70120 71433 42.8 438 ATG None None 
13_60 71553 71963 38.7 137 ATG GGA/GAG/AGG 5-10bp 
13_61 72008 72583 39.2 192 TTG AGGA/GGAG/GAGG 11-12bp 
13_62 72755 74353 42.2 533 ATG AGGAG 5-10bp 
13_63 74715 75995 42.7 427 ATG AGGA 5-10bp 
13_64 76020 77315 41 432 ATG GGAG/GAGG 5-10bp 
13_65 77876 83200 43.2 1775 ATG GGAGG 5-10bp 
14_1 1 93 52.7 31 Edge None None 
14_2 124 3702 42.4 1193 GTG None None 
14_3 3873 4619 37.3 249 GTG AGxAGG/AGGxGG 5-10bp 
14_4 4689 5156 43.8 156 GTG GGAG/GAGG 5-10bp 
14_5 5299 7413 42.5 705 ATG AGGA 5-10bp 
14_6 7491 7829 33 113 ATG AGGAG 5-10bp 
14_7 7942 8889 39.9 316 GTG AGGA 5-10bp 
14_8 8908 9360 36 151 TTG GGA/GAG/AGG 5-10bp 
14_9 9367 9966 40.5 200 ATG GGA/GAG/AGG 5-10bp 
14_10 10052 10945 36.7 298 ATG GGA/GAG/AGG 11-12bp 
14_11 11036 11341 37.3 102 ATG AGGA 5-10bp 
14_12 11347 11775 42.4 143 ATG AGxAGG/AGGxGG 5-10bp 
14_13 11879 12241 42.1 121 ATG GGAGG 5-10bp 
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14_15 13117 14331 38.1 405 ATG GGA/GAG/AGG 5-10bp 
14_16 14395 15189 42.4 265 ATG AGGAG 5-10bp 
14_17 15287 15931 39.7 215 ATG None None 
14_18 16008 16325 36.2 106 ATG GGAGG 5-10bp 
14_19 16346 16987 43.5 214 ATG AGGA/GGAG/GAGG 11-12bp 
14_20 17136 19298 44.9 721 ATG AGGA 5-10bp 
14_21 19376 20200 40.7 275 ATG AGGA/GGAG/GAGG 11-12bp 
14_22 20473 21219 40.6 249 ATG GGAGG 5-10bp 
14_23 21239 22405 39.7 389 ATG AGxAGG/AGGxGG 11-12bp 
14_24 22526 23857 40.8 444 ATG GGAG/GAGG 5-10bp 
14_25 23941 25668 39.4 576 ATG GGAG/GAGG 5-10bp 
14_26 25833 26276 42.8 148 ATG GGA/GAG/AGG 5-10bp 
14_27 26320 27021 41.7 234 ATG AGGAG 5-10bp 
14_28 27116 29788 40 891 ATG GGAG/GAGG 5-10bp 
14_29 29808 30638 42 277 ATG GGAG/GAGG 5-10bp 
14_30 30635 31240 41.1 202 ATG AGxAGG/AGGxGG 5-10bp 
14_31 31258 31728 41.2 157 ATG GGAG/GAGG 5-10bp 
14_32 31746 33113 39.6 456 GTG GGxGG 5-10bp 
14_33 33130 34059 42.3 310 ATG AGxAGG/AGGxGG 5-10bp 
14_34 34356 36308 41.2 651 ATG AGGAGG 5-10bp 
14_35 36376 37053 37.3 226 ATG GGAG/GAGG 5-10bp 
14_36 37274 39016 37.6 581 ATG GGA/GAG/AGG 5-10bp 
14_37 39086 40018 38.2 311 GTG None None 
14_38 40008 40214 32.4 69 ATG AGGAGG 5-10bp 
14_39 40455 40712 36.4 86 ATG GGAG/GAGG 5-10bp 
14_40 40832 41089 38.4 86 ATG GGAG/GAGG 5-10bp 
14_41 41343 41531 37 63 ATG AGxAGG/AGGxGG 5-10bp 
14_42 41553 41993 33.6 147 TTG GGAG/GAGG 5-10bp 
14_43 42647 43084 38.8 146 ATG GGA/GAG/AGG 5-10bp 
14_44 43345 44676 43.3 444 ATG AGGA 5-10bp 
14_45 44806 46500 43.7 565 ATG None None 
14_46 47041 49722 41.1 894 TTG GGAGG 5-10bp 
14_47 49845 50150 42.2 102 ATG GGAG/GAGG 5-10bp 
14_48 50162 50494 39.9 111 ATG AGGAGG 5-10bp 
14_49 50491 51627 42.4 379 GTG AGxAGG/AGGxGG 5-10bp 
14_50 51661 52917 43.9 419 ATG GGAG/GAGG 5-10bp 
14_51 52934 54022 42.7 363 TTG GGAG/GAGG 5-10bp 
14_52 54239 55225 36.8 329 GTG GGxGG 5-10bp 
14_53 55318 55785 39.5 156 ATG GGAGG 5-10bp 
14_54 55923 56291 36.6 123 ATG GGAG/GAGG 5-10bp 
14_55 56352 56849 39.2 166 ATG GGxGG 5-10bp 
14_56 56913 57110 30.8 66 ATG AGxAGG/AGGxGG 5-10bp 
14_57 57532 58464 38.3 311 ATG GGxGG 5-10bp 
14_58 58567 60522 96.9 652 ATG None None 
14_59 60567 61121 37.1 185 TTG GGAG/GAGG 5-10bp 
15_1 204 797 35.7 198 TTG GGxGG 5-10bp 
15_2 787 3846 36.9 1020 ATG AGGAG 5-10bp 
15_3 3905 4882 28.4 326 ATG AGGA/GGAG/GAGG 11-12bp 
15_4 5137 5280 35.4 48 ATG AGGA 5-10bp 
15_5 5338 5760 38.8 141 ATG AGxAG 5-10bp 
15_6 6349 7314 38.3 322 ATG GGA/GAG/AGG 5-10bp 
15_7 7670 10705 35.4 1012 GTG AGxAGG/AGGxGG 5-10bp 








Start           End 








15_9 11336 12865 38.3 510 ATG GGAG/GAGG 5-10bp 
15_10 13053 13361 39.8 103 ATG AGGAGG 5-10bp 
15_11 13383 13709 36.1 109 ATG AGxAGG/AGGxGG 5-10bp 
15_12 13732 14013 43.3 94 ATG AGGAGG 5-10bp 
15_13 14200 15078 39.2 293 ATG GGAG/GAGG 5-10bp 
15_14 15292 16014 44.5 241 ATG AGGAGG 5-10bp 
15_15 16023 16586 39 188 ATG 3Base/5BMM 13-15bp 
15_16 16692 17468 42.5 259 ATG GGAG/GAGG 5-10bp 
15_17 17468 18256 41.1 263 ATG AGGAGG 5-10bp 
15_18 18290 19564 41.6 425 ATG AGGA/GGAG/GAGG 11-12bp 
15_19 19592 21313 40.9 574 ATG 3Base/5BMM 13-15bp 
15_20 21383 25729 42.5 1449 TTG GGAG/GAGG 5-10bp 
15_21 26149 28314 39.3 722 ATG GGA/GAG/AGG 11-12bp 
16_1 49 201 32 51 ATG GGA/GAG/AGG 5-10bp 
16_2 293 796 37.9 168 ATG GGA/GAG/AGG 5-10bp 
16_3 759 1001 34.6 81 ATG GGAGG 5-10bp 
16_4 995 1462 35.7 156 ATG AGGAG 5-10bp 
16_5 1466 2845 41 460 ATG GGAGG 5-10bp 
16_6 2915 3667 39.6 251 ATG GGA/GAG/AGG 5-10bp 
16_7 3733 4500 38.3 256 ATG AGxAGG/AGGxGG 5-10bp 
16_8 4507 5265 38.2 253 ATG AGGAG/GGAGG 11-12bp 
16_9 5474 6541 44.1 356 ATG GGAGG 5-10bp 
16_10 6552 7010 41.8 153 ATG AGGAGG 5-10bp 
16_11 7038 8522 41.8 495 ATG AGGAGG 5-10bp 
16_12 8552 8857 39.5 102 ATG GGAGG 5-10bp 
16_13 8913 9554 43.8 214 ATG AGGA 5-10bp 
16_14 9572 10444 44.1 291 ATG GGAGG 5-10bp 
16_15 10462 11157 45.3 232 ATG AGxAGG/AGGxGG 5-10bp 
16_16 11287 12483 42.5 399 ATG GGA/GAG/AGG 5-10bp 
16_17 12597 13118 39.7 174 ATG AGxAGG/AGGxGG 5-10bp 
16_18 13179 15692 43.9 838 ATG GGAG/GAGG 5-10bp 
16_19 16024 16695 46.3 224 ATG GGAGG 5-10bp 
16_20 16838 18703 43.4 622 ATG AGGAGG 5-10bp 
16_21 18832 21132 41.3 767 ATG GGAGG 5-10bp 
16_22 21299 22531 39.4 411 ATG GGxGG 5-10bp 
16_23 22553 23116 42 188 ATG AGGA 5-10bp 
16_24 23209 24129 39 307 ATG AGGA 5-10bp 
16_25 24266 25819 43.6 518 TTG GGAG/GAGG 5-10bp 
16_26 26430 34259 43.5 2610 ATG AGGAGG 5-10bp 
16_27 34571 38155 40 1195 ATG GGA/GAG/AGG 5-10bp 
17_1 1 2142 42.9 714 Edge None None 
17_2 2398 3828 41.4 477 ATG GGAGG 5-10bp 
17_3 3829 4854 41.4 342 ATG AGxAGG/AGGxGG 5-10bp 
17_4 4854 6578 39.7 575 ATG GGAGG 5-10bp 
17_5 6568 8310 42.3 581 ATG AGxAGG/AGGxGG 5-10bp 
17_6 8311 9288 42.6 326 ATG AGGA 5-10bp 
17_7 9376 10290 36.6 305 ATG GGAG/GAGG 5-10bp 
17_8 10306 11514 40.9 403 ATG AGGAG 5-10bp 
17_9 11707 12516 43.1 270 ATG GGAGG 5-10bp 
17_10 12517 14007 43.4 497 ATG 3Base/5BMM 13-15bp 
17_11 14000 14731 42.1 244 ATG GGAG/GAGG 5-10bp 
17_12 14873 15238 39.3 122 GTG GGA/GAG/AGG 5-10bp 
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17_14 16434 16685 39.3 84 ATG GGAGG 5-10bp 
17_15 16711 17127 40.3 139 ATG GGA/GAG/AGG 5-10bp 
17_16 17229 17870 41 214 ATG GGAG/GAGG 5-10bp 
17_17 17993 19105 41.9 371 ATG AGxAGG/AGGxGG 5-10bp 
17_18 19108 22203 40.3 1032 ATG GGA/GAG/AGG 5-10bp 
17_19 22223 22810 40.1 196 ATG GGAG/GAGG 5-10bp 
17_20 22929 23375 38.7 149 ATG GGxGG 5-10bp 
17_21 23664 24920 40.7 419 ATG AGGAGG 5-10bp 
18_1 2 2500 64.5 833 Edge None None 
18_2 2580 3050 36.5 157 ATG GGA/GAG/AGG 11-12bp 
18_3 3309 3779 38 157 GTG AGxAGG/AGGxGG 5-10bp 
18_4 3809 4966 41.5 386 ATG AGGAG 5-10bp 
18_5 4978 5277 39.7 100 ATG AGxAGG/AGGxGG 5-10bp 
18_6 5267 5581 42.9 105 ATG GGA/GAG/AGG 5-10bp 
18_7 5654 7972 40.5 773 ATG AGGAG 5-10bp 
18_8 7997 8362 41.5 122 ATG AGGAGG 5-10bp 
18_9 8448 9353 40.3 302 ATG GGAG/GAGG 5-10bp 
18_10 9368 10315 40.7 316 ATG AGxAGG/AGGxGG 5-10bp 
18_11 10383 11432 42.1 350 GTG GGA/GAG/AGG 5-10bp 
18_12 11462 12037 41.8 192 GTG GGA/GAG/AGG 5-10bp 
18_13 12061 13905 40.4 615 ATG GGA/GAG/AGG 11-12bp 
18_14 14034 15161 44.3 376 ATG GGAGG 5-10bp 
18_15 15454 15792 37.2 113 GTG GGA/GAG/AGG 5-10bp 
18_16 15939 16079 34.8 47 ATG AGGAG 5-10bp 
18_17 16226 16411 38.7 62 GTG AGxAGG/AGGxGG 11-12bp 
18_18 16821 17081 41.8 87 GTG AGGAG 5-10bp 
18_19 17400 18047 39 216 ATG AGGA 5-10bp 
18_20 18037 18441 34.6 135 GTG GGAGG 5-10bp 
18_21 18816 19055 35.8 80 GTG AGxAGG/AGGxGG 5-10bp 
18_22 19226 19987 35.4 254 ATG None None 
18_23 19963 20334 34.9 124 TTG GGAG/GAGG 5-10bp 
18_24 20588 20800 35.7 71 ATG GGAG/GAGG 5-10bp 
18_25 21118 21327 33.8 70 ATG AGGAGG 5-10bp 
18_26 21351 22175 35.4 275 TTG None None 
18_27 22196 22723 36.2 176 ATG AGxAGG/AGGxGG 5-10bp 
18_28 23036 23599 33.3 188 TTG None None 
18_29 24354 25001 42 216 ATG GGAGG 5-10bp 
18_30 25014 26216 43.1 401 ATG AGGA 5-10bp 
18_31 26209 26925 41.7 239 ATG GGAGG 5-10bp 
18_32 26942 28240 43 433 ATG AGxAGG/AGGxGG 5-10bp 
18_33 28356 28805 36.2 150 TTG GGAGG 5-10bp 
18_34 29196 30320 33.8 375 ATG GGAGG 5-10bp 
18_35 30403 30921 36.4 173 ATG AGGAG 5-10bp 
18_36 31052 31405 35 118 ATG GGA/GAG/AGG 5-10bp 
18_37 31545 31967 33.1 141 GTG GGAG/GAGG 5-10bp 
18_38 32143 32358 31.5 72 ATG GGxGG 5-10bp 
18_47 35018 35329 38.5 104 ATG AGGA 5-10bp 
18_48 35333 36037 38.4 235 ATG AGGAG 5-10bp 
18_49 36055 36654 40 200 ATG AGGA 5-10bp 
18_50 36668 37360 43.1 231 ATG AGGAG 5-10bp 
18_51 37418 38347 37.8 310 ATG GGAGG 5-10bp 
18_52 38307 39542 41.7 412 TTG AGxAGG/AGGxGG 5-10bp 
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18_54 39970 40755 38.2 262 ATG GGAG/GAGG 5-10bp 
18_55 40768 41274 38.1 169 ATG AGGAGG 5-10bp 
18_56 41285 41386 43.1 34 ATG GGA/GAG/AGG 5-10bp 
18_57 41370 41804 42.8 145 TTG AGGAG 5-10bp 
18_58 41794 41943 42 50 ATG GGAGG 5-10bp 
18_59 42280 42612 39.3 111 TTG GGA/GAG/AGG 5-10bp 
18_60 42563 42763 41.3 67 TTG GGA/GAG/AGG 5-10bp 
18_61 42732 43229 36.1 166 ATG GGAG/GAGG 5-10bp 
18_62 43233 43505 36.3 91 ATG GGAGG 5-10bp 
18_63 43502 43696 33.3 65 ATG GGAG/GAGG 5-10bp 
18_64 43790 43957 32.1 56 ATG AGxAGG/AGGxGG 5-10bp 
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Table C.1 Lactobacillus phage used for BLASTp CDS percent similarity search. 










Origin or reference 
Lactobacillus murinus EF-1 phiEF-1.11 N/A 39130 s t murine gut This study 
Lactobacillus Lv-12 NC_011801 38934 s  vagina (Villion and Moineau, 2009) 
Lactobacillus Sha12 NC_019489 41726 s t kimchi ((30) 
Lactobacillus J-12 NC_022756 40931 s  dairy (Villion and Moineau, 2009) 
Lactobacillus PL-12,3 NC_022757 38880 s  dairy (Villion and Moineau, 2009) 
Lactobacillus PLE24 NC_031036 35068 s   (32) 
Lactobacillus PLE34 NC_031125 41005 s   (Villion and Moineau, 2009) 
Lactobacillus brevis LBR482,3 NC_027990 48211 m t industrial (Baugher et al., 2014) 
Lactobacillus casei ATCC 393 A24 NC_004112 4341 s t cheese (Villion and Moineau, 2009) 
Lactobacillus casei ATCC 393 phiAT32 NC_005893 39166 s v dairy (Villion and Moineau, 2009) 
Lactobacillus delbrueckii c52 NC_019449 31841 s v dairy (Villion and Moineau, 2009) 
Lactobacillus delbrueckii JCL10324 NC_019456 49433 s v dairy (Villion and Moineau, 2009) 
Lactobacillus delbrueckii phiLdb2,3 NC_022762 33996 s  dairy (Villion and Moineau, 2009) 
Lactobacillus delbrueckii LLKu4 NC_022989 31080 s v dairy (Villion and Moineau, 2009) 
Lactobacillus delbrueckii subsp. 
bulgaricus phiJB2 
NC_022775 36969 s t dairy (Villion and Moineau, 2009) 
Lactobacillus delbrueckii subsp. 
bulgaricus Ld25A2 
NC_025415 32799 s  dairy (Villion and Moineau, 2009) 
Lactobacillus delbrueckii subsp. 
bulgaricus Ld32 
NC_025421 29616 s  dairy (Villion and Moineau, 2009) 
Lactobacillus delbrueckii subsp. 
lactis LL-H2,3 
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Origin or reference 
Lactobacillus delbeckii subsp.  
lactis Ld172 
NC_025420 32975 s  dairy (Villion and Moineau, 2009) 
Lactobacillus delbrueckii subsp. 
Lactis isolate:Ldl1 Ldl14 
NC_026609 74806 s v dairy (Liu et al., 2015) 
Lactobacillus fermentum LF12,3 NC_019486 42606 s t kimchi (Liu et al., 2015) 
Lactobacillus fermentum phiPYB52,3 NC_027982 32847 s t cereal (Villion and Moineau, 2009) 
Lactobacillus fermentum 
LfeInf2 
NC_029058 106071 m  industrial 
corn 
(Villion and Moineau, 2009) 
Lactobacillus fermentum 
LfeSau2 
NC_029068 31703 s  industrial 
corn 
(Villion and Moineau, 2009) 
Lactobacillus gasseri phiADH2 NC_000896 43785 m t gut (Villion and Moineau, 2009) 
Lactobacillus gasseri KC5a4 NC_007924 38239 m   (Villion and Moineau, 2009) 
Lactobacillus gasseri jlb12,3 NC_024206 38269 m t human gut (Villion and Moineau, 2009) 
Lactobacillus helveticus phiAQ1134 NC_019782 36566 m v dairy (Villion and Moineau, 2009) 
Lactobacillus johnsonii Lj7714 NC_010179 40881  t human gut (Villion and Moineau, 2009) 
Lactobacillus johnsonii NCC 533 Lj9282,3 NC_005354 38384 s t human gut (Villion and Moineau, 2009) 
Lactobacillus johnsonii NCC 533 Lj9652,3 NC_005355 40190 s t human gut (Villion and Moineau, 2009) 
Lactobacillus paracasei iLp844 NC_028783 39399 s t dairy ((Baugher et al., 2014) 
Lactobacillus paracasei iA22 NC_028830 34155 s t dairy (Villion and Moineau, 2009) 
Lactobacillus paracasei CL22 NC_028835 38751 s t dairy (Villion and Moineau, 2009) 
Lactobacillus paracasei CL12 NC_028888 39474 s t dairy (Villion and Moineau, 2009) 
Lactobacillus paracasei iLp13082,3 NC_028911 34176 s t dairy (Villion and Moineau, 2009) 
Lactobacillus paracasei 
strain:Lb338-1 Lb338-14 
NC_012530 142111 m v cheese (Villion and Moineau, 2009) 
Lactobacillus plantarum phig1e2,3 NC_004305 42259 s t N/A (Baugher et al., 2014) 
Lactobacillus plantarum 
LP652,3 
NC_006565 131522 me v meat 
fermentate 
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Lactobacillus plantarum phijl12 NC_006936 36674 s v cucumber (Villion and Moineau, 2009) 
Lactobacillus plantarum ATCC80142,3 NC_019916 38002 s v  (Ventura et al., 2004) 
Lactobacillus rhamnosus Lc-Nu2 NC_007501 36466 s v probiotics (Ventura et al., 2004) 
Lactobacillus rhamnosus strain 
M1 Lrm12 
NC_011104 39989 s  industrial (Ventura et al., 2004) 
Bacillus ACT phi4B13 NC_028886 38663 s   NCBI  
Bacillus ACT phi4J13 NC_029008 41486 s   NCBI  
Bacillus anthracis phBC6A523 NC_004821 38472 p  air NCBI  
Bacillus cereus PBC13 NC_017976 41164 s v  NCBI  
Bacillus cereus 2503 NC_029024 56505 s t  NCBI  
Bacillus cereus PfEFR-53 NC_031055 43773 s   NCBI  




Bacillus pumilus phiAGATE3 NC_020081 149844 m   NCBI  
Bacillus pumilus Finn3 NC_020480 50161 s  under a tree NCBI  
Bacillus pumilus Bp8p_C3 NC_029121 151417 m t soil NCBI  
Bacillus pumilus BL-8 Curly3 NC_020479 49425 s  compost NCBI  
Bacillus pumilus BL-8 Riggi3 NC_022765 49836 s  soil NCBI  
Bacillus pumilus BL-8 Blastoid3 NC_022773 50354 s  soil NCBI  
Bacillus thurigiensis IEBH3 NC_011167 53104 s   NCBI  
Brochothrix thermosphacta 
HER1187 and HER1188 
NF53 NC_015252 36953 s t meat NCBI  
Clostridium CDMH12,3 NC_024144 54279 m   NCBI  
Clostridium difficile CD119 phiCD1193 NC_007917 53325 m t  NCBI  
Clostridium perfringens phi24R2,3 NC_019523 18919 p v sewage NCBI  
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Deep-Sea Thermophilic D6E3 NC_019544 49335   deep-sea hydrovents NCBI  
Enterococcus vB_IME1973 NC_028671 41307 s   NCBI  
Enterococcus faecalis phiFL2A3 NC_013643 36270 s t human NCBI  
Enterococcus faecalis phiFL1A3 NC_013646 38764 s t human NCBI  
Enterococcus faecalis phiFL3A2,3 NC_013648 39576 s t human NCBI  
Enterococcus faecalis phiEf113 NC_013696 42822 s t human NCBI  
Geobacillus sp. E263 E23 NC_009552 40863 s  ocean water NCBI  
Lactococcus lactis SMQ-86 ul363 NC_004066 36798 s v dairy NCBI  
Lactococcus lactis SMQ-86 BM133 NC_021861 30910 s v dairy NCBI  
Listeria monocytogenes A1182,3 NC_003216 40834 s t  NCBI  
Listeria monocytogenes A5003 NC_009810 38867 s   NCBI  
Listeria monocytogenes B0253 NC_009812 42653 s v  NCBI  
Listeria monocytogenes B0543 NC_009813 48172 s t  NCBI  
Listeria monocytogenes A0063 NC_009815 38124 s v  NCBI  
Listeria monocytogenes LP-030-33 NC_024384 41156 s t farm location  NCBI  
Listeria monocytogenes vB_LmoS_188
2,3 
NC_028871 38292 s  mushroom compost NCBI  
Listeria monocytogenes vB_LmoS_293
2,3 
NC_028929 40759 s  mushroom compost NCBI  
Oenococcus phiS113 NC_023571 46243  t red wine Bordeaux NCBI  
Oenococcus oeni phi98052,3 NC_023559 46145  t red wine Bordeaux NCBI  
Oenococcus oeni phiS133 NC_023560 43454  t red wine Bordeaux NCBI  
Pediococcus damnosus clP13 NC_016161 38013 s v sewage NCBI  
Staphylococcus aureus 373 NC_007055 43681 s v human NCBI  
Staphylococcus aureus 713 NC_007059 43114 s v human NCBI  
Staphylococcus aureus P9543 NC_013195 40761 s   NCBI  
Staphylococcus aureus SA133 NC_021863 42652 s  human NCBI  
Staphylococcus aureus phiJB3 NC_028669 43012 s v human NCBI  
124 
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Staphylococcus aureus 8325 132,3 NC_004617 42722 s t human  NCBI  
Staphylococcus aureus CC398 StauST398-33 NC_021332 41392 s  human NCBI  
Staphylococcus aureus 
Newman 
phinm43 NC_028864 43189 s t human NCBI  
Staphylococcus aureus P83 phiPV832,3 NC_002486 45636 s t human  NCBI  
group A Streptococcus 
MGAS315 
T122,3 NC_004587 41796 p v human patient NCBI  
group A Streptococcus 
MGAS315 
PH153 NC_004588 38206 p v human patient NCBI  
Streptococcus SM12,3 NC_028700 37976 s   NCBI  
Streptococcus gordonii PH103 NC_010945 39136 s v  NCBI  
Streptococcus mitis SpSL13 NC_004996 34692 s t human NCBI  
Streptococcus oralis A253 NC_012756 31276 s t  NCBI  
Streptococcus pnumoniae phiNJ23 NC_027396 33756 s v  NCBI  
Streptococcus pyogenes SMP2,3 NC_028697 33900 p   NCBI  
Streptococcus suis 50933 NC_019418 37282 s t porcine NCBI  
Streptococcus suis SS2-H O12053 NC_008721 36019 s v porcine NCBI  
Streptococcus thermophilus 315.43 NC_012753 37184 s v mozzarella NCBI  
Streptococcus thermophilus 
CNRZ1205 
315.53 NC_004303 43075 s t dairy NCBI  
Thermoanaerobacterium 
saccharolyticum 
THSA_485A3 NC_018264 41938 s  hydrothermal spring NCBI  
A complete phage genome attained for this study. All other Lactobacillus phage genomes attained from NCBI viral genome database 
on 3/10/17. 1This study. 2PHASTER identified database hit. 3PHASTER derived CDS with highest amino acid similarity to phiEF-1.1. 































 1 15  a  N/A attachment site 
left 
   










3  2282 2701 59 140 V 1.07E-10 gp3 gi32469434 Streptococcus 
phage SM1 
NC_004996 





5  3225 3347 169 41 M N/A hypothetical     






7  3782 4501 48 240 M 3.96E-94 anti-repressor gi29028674 Staphylococcus 
prophage phi 13 
NC_004617 
8  4538 4864 37 109 M N/A hypothetical     
9  4880 5107 16 76 V N/A hypothetical     





11  5469 5726 6 86 M 1.14E-09 gp37 gi16798821 Listeria phage 
A118 
NC_003216 
12  5948 6115 222 56 M N/A hypothetical     
13  6129 6383 14 85 M N/A hypothetical     
14 6621 6896 238 92 M N/A hypothetical     
15 6886 7155 -10 90 M N/A hypothetical     
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19 9184 9327 12 48 M N/A hypothetical     












22 10965 11207 4 81 M N/A hypothetical     
23 11182 11466 -25 95 M N/A hypothetical     
24 11454 12071 -12 206 M N/A hypothetical     
25 12136 12330 65 65 M N/A hypothetical     
26 12372 12506 42 45 M N/A hypothetical     
27 12530 12676 24 49 M N/A hypothetical     
28 12681 13235 5 185 M 0.00000177 gp51 gi16798838 Listeria 
phage A118 
NC_003216 
29 13232 13453 -3 74 M N/A hypothetical     





31 14091 14261 156 57 M N/A hypothetical     





33 15025 15249 366 75 M N/A hypothetical     











36 16610 16765 2 52 M N/A hypothetical     
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41 22011 22232 -25 74 V N/A hypothetical     




































49 25995 26453 53 153 M N/A hypothetical     




































































57 37386 37727 -13 114 M 1.19E-24  holin gi971754940 Lactobacillus 
phage iLp1308 
NC_028911 
58 37732 38916 5 395 M 1.25E-112  endolysin gi281416276 Enterococcus 
phage phiFL3A 
NC_013648 
 39116 39130 200 a  N/A attachment site 
right 
   




Table C.3 Pfam analyses of phiEF-1.1 coding regions. 
target name accession CDS description of target 
Phage_integrase PF00589.17 1 Phage integrase family 
Phage_int_SAM_3 PF14659.1 1 Phage integrase, N-terminal SAM-likedomain 
Integrase_AP2 PF14657.1 1 AP2-like DNA-binding integrase domain 
DUF4428 PF14471.1 2 Domain of unknown function (DUF4428) 
SHOCT PF09851.4 2 Short C-terminal domain 
DUF955 PF06114.8 3 Domain of unknown function (DUF955) 
HTH_3 PF01381.17 4 Helix-turn-helix 
HTH_19 PF12844.2 4 Helix-turn-helix domain 
HTH_31 PF13560.1 4 Helix-turn-helix domain 
HTH_26 PF13443.1 4 Cro/C1-type HTH DNA-binding domain 
HTH_3 PF01381.17 6 Helix-turn-helix 
HTH_19 PF12844.2 6 Helix-turn-helix domain 
HTH_31 PF13560.1 6 Helix-turn-helix domain 
HTH_24 PF13412.1 6 Winged helix-turn-helix DNA-binding 
ANT PF03374.9 7 Phage antirepressor protein KilAC domain 
AntA PF08346.7 7 AntA/AntB antirepressor 
DUF771 PF05595.6 8 Domain of unknown function (DUF771) 
DUF1351 PF07083.6 16 Protein of unknown function (DUF1351) 
ERF PF04404.7 17 ERF superfamily 
SSB PF00436.20 18 Single-strand binding protein family 
DnaB_2 PF07261.6 20 Replication initiation and membrane attachment 
HTH_36 PF13730.1 20 Helix-turn-helix domain 
IstB_IS21 PF01695.12 21 IstB-like ATP binding protein 
AAA PF00004.24 21 ATPase family associated with variouscellular 
activities (AAA) 
Bac_DnaA PF00308.13 21 Bacterial dnaA  protein 
DUF1642 PF07852.6 28 Protein of unknown function (DUF1642) 
DUF2758 PF10957.3 29 Protein of unknown function (DUF2758) 
RusA PF05866.6 32 Endodeoxyribonuclease RusA 
Terminase_2 PF03592.11 37 Terminase small subunit 
Phage_terminase PF10668.4 37 Phage terminase small subunit 
Sigma70_r4_2 PF08281.7 37 Sigma-70, region 4 
Terminase_5 PF06056.7 37 Putative ATPase subunit of terminase(gpP-like) 
Terminase_3 PF04466.8 38 Phage terminase large subunit 
Terminase_6 PF03237.10 38 Terminase-like family 
Phage_prot_Gp6 PF05133.9 39 Phage portal protein, SPP1 Gp6-like 
Phage_min_cap2 PF06152.6 40 Phage minor capsid protein 2 
Toxin_64 PF15542.1 40 Putative toxin 64 




Table C.3 cont. 
target name accession CDS description of target 
Minor_capsid_1 PF10665.4 45 Minor capsid protein 
Minor_capsid_2 PF11114.3 46 Minor capsid protein 
Minor_capsid_3 PF12691.2 47 Minor capsid protein from bacteriophage 
Phage_Gp15 PF06854.6 50 Bacteriophage Gp15 protein 
SLT PF01464.15 51 Transglycosylase SLT domain 
Sipho_tail PF05709.6 52 Phage tail protein 
Prophage_tail PF06605.6 53 Prophage endopeptidase tail 
Glyco_hydro_25 PF01183.15 53 Glycosyl hydrolases family 25 
Glyco_hydro_25 PF01183.15 58 Glycosyl hydrolases family 25 
LysM PF01476.15 58 LysM domain 
HMM scan software identified phiEF-1.1 CDS Pfams on 5/22/17. CDS descriptions and 





Fig C.1 Pfam analyses of phiEF-1.1 coding regions across 104 phage genomes 
 
Coding regions of 105 viral genomes were queried to the Pfam-A database on 5/25/2017. Pfam 
codes are above each column were matched to each of the 105 corresponding viral coding 
regions. Only Pfams that were shared between phiEF-1.1 are shown as designated by a red Y. 
The first row of each CDS is the % similarity match in Fig. 4.5. The full description of each 
Pfam is located in Appendix Table C.3. 
